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ABSTRACT
The gum exudate  from A ca c ia  c a l c i g e r a , a s p e c i e s  r e c e n t l y  
d i s c o v e r e d  in  A u s t r a l i a ,  has been shown to  have a h i g h l y  p o s i t i v e  
s p e c i f i c  r o t a t i o n  and h i g h  m o le c u l a r  we igh t  w i th  a low rhamnose c o n ­
t e n t .  These r e s u l t s  a re  c h a r a c t e r i s t i c  o f  s p e c i e s  w i t h i n  the  S e c ­
t i o n  Gummiferae, a p red om ina n t l y  A f r i c a n  s e c t i o n  o f  the  genus Aca-  
c i a .
A n a l y t i c a l  data  f o r  the gum exudate  from a c u l t i v a r  o f  Leucae -  
na l e u coce pha la  from I n d i a  and f o r  gum a r a b i c  ( A c a c ia  s e n e g a ! ) from
A f r i c a  were compared. The Leucaena gum had a chemical  c o m p o s i t i o n  
and p r o p e r t i e s  s i m i l a r  to  gum a r a b i c  but was o f  h i g h e r  v i s c o s i t y  and 
m o le c u la r  w e ig h t ;  the se  d i f f e r e n c e s  c o u ld  be co m m erc ia l l y  im po r tan t  
i f  gum c o l l e c t i o n  from Leucaena c o u ld  be o r g a n i s e d .
In  a s e r i e s  o f  s t u d i e s  in  l a b o r a t o r y  r a t s ,  gum a r a b i c  was com­
p l e t e l y  deg raded  on i n c o r p o r a t i o n  i n t o  a s t a n d a rd  r a t  d i e t  a t  l e v e l s  
o f  2 g/day/ ra t  and 4 g / d a y / ra t .  On i n c o r p o r a t i o n  i n t o  an e lem en ta l ,  
low r e s i d u e  d i e t  ( ‘ F l e x i c a l 1 ) gum a r a b i c  was p a r t i a l l y  deg raded  when 
fed to  r a t s  at 2g /day/ ra t  but was found to  be degraded more e x t e n ­
s i v e l y  i f  fed at  a reduced l e v e l  ( l g / d a y / r a t ) . Gum a r a b i c ,  mixed 
with  faece s  from r a t s  fed the e lemental  d i e t  was p a r t i a l l y  deg raded  
by faeca l  b a c t e r i a .  The d i f f e r e n t  r e s u l t s  o b ta in e d  when gum a r a b i c  
was i n c o r p o r a t e d  i n t o  two d i f f e r e n t  d i e t s  i n d i c a t e d  the im portance  
o f  c h o i c e  o f  t ype  o f  d i e t  and dose l e v e l  used in  d i e t a r y  s t u d i e s .
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Faecal  e x t r a c t s  o b ta in e d  from r a t s  fed  a s t a n d a rd  d i e t  s u p p l e ­
mented w i th  gum ka ra ya  ( 1 . 2g / d a y / r a t )  were shown to  be s i m i l a r ,  but 
not i d e n t i c a l ,  to  gum ka ra ya  t h a t  had been mixed w i th  f ae ce s  then 
r e - e x t r a c t e d .  A s i m i l a r  r e s u l t  was o b ta in e d  when an e lementa l  d i e t  
was u sed .  I t  was not p o s s i b l e  to  c onc lude  whether  or  not the  gum 
ka raya  e x t r a c t e d  from t e s t  f a e c e s  had been deg raded  because  o f  the  
d i f f i c u l t i e s  found to  be a s s o c i a t e d  w i th  attempted m o le c u l a r  we igh t  
measurements o f  the  impure forms o f  the gum e x t r a c t e d .
Seven commercial gum t r a g a c a n t h  sample s  from I r a n  were found 
to  v a ry  in  c o m p o s i t i o n  and i n  v i s c o s i t y  and in  the  r a t i o  o f  t h e i r  
w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components.  T h e i r  amino a c id  con ­
t e n t s  d i d  not d i f f e r  e x t e n s i v e l y .  F i v e  commercial gum t r a g a c a n t h  
samples  from Turkey  showed l e s s  v a r i a t i o n  than  the  I r a n i a n  samples ;  
a l t h o u g h  h a v in g  lower v i s c o s i t y ,  t h e i r  amino a c i d  c o m p o s i t i o n s  were 
s i m i l a r  to  t h o s e  o f  the I r a n i a n  sam p le s .  A T u r k i s h  gum t r a g a c a n t h  
sample from A s t r a g a l u s  m i c r o c e p h a lu s  (the  major s o u r c e  o f  the  gum) 
d i f f e r e d  e x t e n s i v e l y  a n a l y t i c a l l y  from T u r k i s h  gum t r a g a c a n t h  sam­
p le s  from A s t r a g a l  us ku rd i  cus and A s t r a g a l  us gummi f e r  (m inor  
s o u r c e s ) .
The Tes t  A r t i c l e  used in  a d i e t a r y  s tudy  o f  gum t r a g a c a n t h  in  
Man was shown to  have been w e l l - c h o s e n ,  r e p r e s e n t i n g  gum t r a g a c a n t h  
o f  f a i r  ave rage  q u a l i t y .
The w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components  o f  the gum 
t r a g a c a n t h  samples s t u d i e s  were found to  have s i m i l a r  s u g a r  and ami-
vi
no a c i d  c o m p o s i t i o n s ,  a l t h o u g h  the  w a t e r - i n s o l u b l e  components  had 
h i g h e r  p r o t e i n  c o n t e n t s  and low er  a sh  and methoxy l  c o n t e n t s  than  the  
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Many p l a n t  f a m i l i e s  i n c l u d e  s p e c i e s  t h a t  exude yurns to  a 
g r e a t e r  o r  l e s s e r  deg ree .  Gums may be exuded o n l y  i n  v e r y  smal l
amounts and may not be r e a d i l y  d i s c e r n i b l e  o r  they  may be produced
c o p i o u s l y  fo rm ing  l a r g e  c o n s p i c u o u s  i n c r u s t a t i o n s .
P l a n t s  t h a t  produce gum are  u s u a l l y  s h r u b s  o r  low g row ing  
t r e e s  from which the  gum exuda te s  as  ve rm ifo rm o r  t e a r - s h a p e s  and 
may b u i l d  up in  t h i c k e n e d  l a y e r s .  H a r v e s t i n g  i s  by h a n d - p i c k i n g ,  
u s u a l l y  by n a t i v e  wo rke r s  i n  c o u n t r i e s  where the  l a b o u r  c o s t s  a re  
low ( 1 ).
The term ' yum '  d e s i g n a t e s  a g r e a t  v a r i e t y  o f  n a t u r a l  p r o d u c t s  
i n  the form o f  t e a r s ,  f l a k e s  and a n g u l a r  f ra gm e n t s ,  s t i c k y  i n  n a ­
t u r e ,  found on the stem s u r f a c e s  o f  t r e e s .  However, t r u e  gums may 
be rega rded  as  the  e xu d a t i o n  p r o d u c t s  o f  c e r t a i n  t r e e s  in  the  form 
o f  complex p o l y s a c c h a r i d e s . They are d i s p e r s i b l e  i n  hot o r  c o l d  wa­
t e r  but i n s o l u b l e  i n  a l c o h o l  o r  o t h e r  o r g a n i c  s o l v e n t s  ( 2 ).
Gums come from a v a r i e t y  o f  p l a n t s  and t o da y ,  usage  o f  the  na­
t u r a l  w a t e r - s o l u b l e  gums i s  g row ing  a t  a r a te  of  10% per annum. But 
economics  i s  c h a n g in g  the t y p e s  o f  gums t h a t  a re  used .  Labour  c o s t  
e s c a l a t i o n ,  even in  remote a r e a s ,  and the  q u a l i t y  c o n t r o l  needed f o r  
r e l a t i v e l y  pure and c o n s t a n t  q u a l i t y  m a te r i a l  cause  some p l a n t
s o u r c e s  to  be e l im in a t e d  and o t h e r s ,  perhaps  more amenable to  c u l ­
t i v a t i o n ,  to  appear  as  new s o u r c e s  ( 1 ).
Gums a re  c a rb o h y d ra te  po lymers  composed o f  s u g a r  u n i t s
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g l y c o s i d i c a l l y  condensed to  form l a r y e  m o le c u l e s .  As a consequence ,  
th ey  a re ,  f o r  the  most p a r t  o f  h i g h  m o l e c u l a r  w e ig h t ,  some l i n e a r  
and some branched  ( 1 ).
Gums a re  a l s o  p r o t e i n a c e o u s .  P r o t e i n  c o n t e n t s  can v a ry  from 
c l o s e  t o  ze ro  e . g .  i n  S t e r c u l i a  s e t i g e r a  gum (3)  t o  between 30% and 
40% e . g .  in  Neeni gum ( A z a d i r a c h t a  i n d i c a ) (4)  and, more r e c e n t l y ,  to  
as  much as  53% e . g .  i n  A ca c ia  d i f f i c i l i s  gum ( 5 ) .
Gums are w id e l y  used in  m e d i c i n e s ,  f o o d s ,  c o s m e t i c s ,  
a d h e s i v e s ,  p a i n t s ,  i n k s ,  t e x t i l e s  e tc  ( 2 ) .  They a re  e x c e l l e n t  
s u sp e n d in g  a g e n t s ,  d i s p e r s a n t s ,  s t a b i l i s i n g  a g e n t s ,  e m u l s i f y i n g  and 
g e l - f o r m i n g  a g e n t s .  They a re  a l s o  used  a s  c o a g u l a n t s ,  b i n d e r s ,  l u ­
b r i c a n t s  and f i l m  f o rm e r s .
The main use o f  p l a n t  yum exuda te s  i s  in  the  food i n d u s t r y  
where they  a re  used as  food a d d i t i v e s .  I t  i s  now r a r e  f o r  a p r o ­
ce s sed  food not to  c o n t a i n  a gum p roduc t  ( i )  to c o r r e c t  o r  m in im i se  
d e f e c t s  i n  i t s  n a t u r a l  i n g r e d i e n t s ,  ( i i )  t o  i n c r e a s e  the  s e n s o r y  s a ­
t i s f a c t i o n  d e r i v e d  and ( i i i )  to  produce f o r m u l a t i o n s  t h a t  make p o s ­
s i b l e  new c o m b in a t i o n s  o f  food i n g r e d i e n t s  ( 6 , 7 ).
G e n e r a l l y ,  food a d d i t i v e s  a re  used  as  p r e s e r v a t i v e s , a n t i o x i ­
d a n t s ,  e m u l s i f i e r s ,  t h i c k e n e r s ,  s t a b i l i s e r s ,  a r t i f i c i a l  f l a v o u r i n y s ,  
m a tu r in g  and b l e a c h i n g  a g e n t s ,  n o n - n u t r i t i v e  sweeteners  o r  t o  produce 
n u t r i t i v e  v a lu e  ( e . g .  added v i t a m i n s ) .
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Wor ld -w ide  p o p u l a t i o n  yrowth  and improved s t a n d a r d s  o f  l i v i n y ,  
c a l l  f o r  an i n c r e a s e d  food s u p p l y .  T h i s  cannot  o n l y  r e s u l t  from i n ­
c rea sed  food p r o d u c t i o n  but a l s o  from b e t t e r  p r o t e c t i o n  and p r e s e r ­
v a t i o n  o f  food s u p p l i e s  and the  use  o f  b e t t e r  p r o c e s s i n y  t e c h n i q u e s  
in  l i n e  w i th  advances  in  food t e c h n o l o y y .  The use o f  such  t e c h ­
n i q u e s  im p l i e s  an i n c r e a s e d  use o f  food a d d i t i v e s  ( 8 ) .  The p r o g r e s s  
o f  i n d u s t r i a l i s a t i o n  r e q u i r e s  s t u d i e s  r e y a r d i n y  the t o x i c i t y  o f  food 
a d d i t i v e s  which have t r a d i t i o n a l l y  been rega rded  as  s a f e .
In  the a n a l y s i s  o f  p l a n t  gum e xu da te s ,  a number o f  a n a l y t i c a l  
paramete rs  can be used t o  e x p r e s s  the  chemical  c o m p o s i t i o n  and phy ­
s i c a l  p r o p e r t i e s  o f  a gum. The pa ram ete rs  used to  c h a r a c t e r i s e  gums 
a re  a sh ,  p r o t e i n  and methoxyl  c o n t e n t s ,  s p e c i f i c  o p t i c a l  r o t a t i o n ,  
i n t r i n s i c  v i s c o s i t y ,  m o le c u l a r  w e ig h t ,  e q u i v a l e n t  w e igh t  and the  r a ­
t i o s  o f  s u g a r s  p r e s e n t  a f t e r  a c i d i c  h y d r o l y s i s .  The a n a l y t i c a l  
paramete rs  taken  o v e r a l l  e s t a b l i s h  a form o f  ' f i n g e r p r i n t '  which 
s e r v e s  t o  c h a r a c t e r i s e  each s p e c i e s  o f  gum.
S e c t i o n  I I I  o f  t h i s  T h e s i s  p r e s e n t s  a n a l y t i c a l  da ta  f o r  a yum 
exudate  from A ca c ia  c a l c i g e r a  a s p e c i e s  o n l y  r e c e n t l y  d i s c o v e r e d  i n  
A u s t r a l i a .
S e c t i o n  IV p r e s e n t s  a n a l y t i c a l  da ta  f o r  a yum exudate  from 
Leucaena 1eucocepha la  from South I n d i a ;  the  data  a re  compared w i th  
t ho se  f o r  gum a r a b i c  ( A ca c ia  S e n e g a l ).
S e c t i o n  V and S e c t i o n  VI  r e s p e c t i v e l y ,  concern  the  use o f
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a n a l y t i c a l  t e c h n i q u e s  to  t r y  to  e s t a b l i s h  the  e x t e n t  o f  d e g r a d a t i o n  
( i f  any)  o f  gum a r a b i c  and gum ka ra ya  a f t e r  i n g e s t i o n  by the  r a t .
S e c t i o n  V I I  p r e s e n t s  a n a l y t i c a l  da ta  f o r  s e v e r a l  commercial  
gum t r a g a c a n t h  ( A s t r a g a l u s  s p p . )  sample s  o f  I r a n i a n  and T u r k i s h  o r i ­
g i n  and samples  c o l l e c t e d  from named T u r k i s h  s p e c i e s .  These s t u d i e s  
were r e q u i r e d  f o r  r e g u l a t o r y  pu rp o se s  c o n c e rn i n g  the  t e s t s  f o r  i d e n ­
t i t y  and p u r i t y  o f  gum t r a g a c a n t h  and t o  t r y  and e x p l a i n  the  c o n ­
t r a d i c t o r y  s ta tem ent s  in  the  l i t e r a t u r e  and to  c h a r a c t e r i s e  a sample 
o f  gum used as the Te s t  A r t i c l e  in  a d i e t a r y  s tu dy  in  Man.
5
REFERENCES
1. R .L .  W h i s t l e r ,  E c o n . B o t . , 1982, 3 6 ( 2 ) ,  195.
2. R .C.  S e t i a  and J . J .  Shah , I n :  Annual Review o f  P l a n t  
S c i e n c e s , 1979, E d i t o r :  C .P.  M a l i k ,  K a l y a n i  P u b l i s h i n g ,
New D e l h i , I n d i a .
3. D.M.W. Ande r son ,  C .ü .A .  McNab and C.G. Ander son ,  I n t .
Tree Crops  J . ,  1982, 2, 147.
4. D.M.W. Anderson  and A. H end r ie ,  Carbohyd.  Res., 1971, 2U,
259.
5. D.M.W. Ander son ,  J .G .K .  Fa rquha r  and C .G .A. McNab,
Phytochem., 1983, 22, 2481.
6 . D.A.  Wench, M. Baren and S . P. Dewan, N u t r i  t i  o n , 198U,
Reston P u b l i s h i n g  Company I n c . ,  R e s ton ,  V i r g i n i a .
7. M. G l i c k sm a n ,  I n :  N u t r i e n t s  in  P ro ce s sed  Foods,  F a t s , 
C a r b o h y d r a t e s , 1975, 2nd e d i t i o n ,  E d i t o r s :  P .L .  Whi te,
D.C. F l e t c h e r  and M. E l l i s ,  P u b l i s h i n g  S c i e n c e s  Group I n c .
8 . WHO, T o x i c o l o g i c a l  E v a l u a t i o n  o f  Some Food A d d i t i v e s ,  1976,
Report  o f  the J o i n t  FAU / WHO Ex p e r t  Committee on Food A d d i t i v e s ,
World Hea l th  O r g a n i s a t i o n  T echn i ca l  Repo r t ,  S e r i e s  No. 599.
SECTION n
METHODS USED IN THE ANALYTICAL STUDY OF 
PLANT GUM EXUDATES
6
_ n a  GENERAL METHUDS
W e i g h i n g s . A l l  a c c u r a t e  w e i g h i n g s  were made u s i n g  a S tan ton  
Un im at ic  Model C . L . I .  s i n g l e - p a n  ba lance  h a v in g  an a c c u ra c y  o f  
+U.lmg.
L ) i a l y se s  of p o l y s a c c h a r i d e s , to  remove low m o le c u l a r  we igh t  
m a t e r i a l ,  were c a r r i e d  out  in  V i s k i n g  c e l l o p h a n e  t u b i n g  ( K a l l e  Ak -  
t i e n g e s e l l s c h a f t , Wiesbaden) a g a i n s t  r u n n in g  tap water  f o r  48 -72  
hou r s  and then a g a i n s t  d i s t i l l e d  water f o r  48 ho u r s .
E l e c t r o d i a l y s e s  o f  p o l y s a c c h a r i d e s  were c a r r i e d  out in  a t h r e e  
compartment pe r spex  c e l l  f i t t e d  w i th  c e l l o p h a n e  membranes. The wa­
t e r  in  the o u te r  e l e c t r o d e  compartments was changed r e g u l a r l y  to  
p revent  o v e r h e a t i n g .  E l e c t r o d i a l y s i s  was c o n t i n u e d  u n t i l  a c u r r e n t  
( a p p l i e d  v o l t a g e  = 3UU v o l t s )  ceased  to  f l ow .
R edu c t io n s  in volume were c a r r i e d  out  on a r o t a r y  e v a p o r a t o r  
at  tempera tu re s  below 4U°C u n l e s s  o th e rw i s e  s t a t e d .
M o i s t u r e  c o n te n t s  were determined Dy h e a t i n g  to  c o n s t a n t  
we ight  at  1U5°C.
Ash c o n te n t s  were determined by h e a t i n g  t o  c o n s t a n t  w e igh t  in 
a m u f f le  f u rna ce  a t  55l)°C.
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C a rb o n , hydrogen and n i t r o g e n  c o n te n t s  were de term ined  w i th  a 
P e r k i n - E lm e r  240 Elementa l  A n a l y s e r .
Methoxyl  c o n te n t s  were determined  by a vapour  phase  i n f r a  red 
method [ 1 , 2 ] ;  a c a l i b r a t i o n  cu rve  was based on known w e ig h t s  o f  
methyl i o d i n e .  I n f r a  red s p e c t r o s c o p y  was c a r r i e d  out  u s i n g  a 
P e r k i n - E lm e r  137 spec t rop ho to m ete r .
E q u i v a l e n t  we ight  d e t e r m i n a t i o n s  on e x h a u s t i v e l y  e l e c t r o d i -  
a l y s e d  p o l y s a c c a r i d e s  were c a r r i e d  out  by d i r e c t  t i t r a t i o n  w i th  
s ta nda rd  sodium hyd ro x id e  s o l u t i o n  ( ca .  0 . 0 1 N).
U ron ic  a c id  co n te n t s  were c a l c u l a t e d  from the  e q u i v a l e n t  
w e ig h t s  as 17600/E.W. i . e .  v a l u e s  are e xp re s se d  as  u r o n i c  a n h y d r i d e .
U_.2_ PHYSICAL METHODS
S p e c i f i c  r o t a t i o n s  o f  aqueous s o l u t i o n s  were measured u s i n g  
the sodium D - l i n e  w i th  a P e r k i n - E l m e r  model 141 p o l a r i m e t e r  at  
20+2°C. A l l  s o l u t i o n s  were f i r s t  c l a r i f i e d  by p a s sage  th rou gh  
f i l t e r s  o f  average  pore s i z e  0.8pm (M i l  I i  pore L t d . ,  B e d fo rd ,  M a s s . ,  
USA) w i th  a s t a i n l e s s  s t e e l  f i l t e r  h o l d e r  a t t a che d  to  a s y r i n g e  
(2 0m l ) .  C o n c e n t r a t i o n s  o f  gum were assumed to  be u n a l t e r e d  by u l ­
t r a f i l t r a t i o n  [ 3 ] .
I n t r i n s i c  v i s c o s i t y  d e t e r m i n a t i o n s  were c a r r i e d  out in  M- 
sodium c h l o r i d e  s o l u t i o n  in  an Ubbelohde s u s p e n d e d - l e v e l  d i l u t i o n
v i s c o m e te r  at  25 .Q ±0.1°C.  A sample o f  gum (1U0-2U0 mg) was d i s s o l v e d  
in  M-sod ium c h l o r i d e  s o l u t i o n  ( I D  m l ) .  The s o l u t i o n  was f i l t e r e d  as 
f o r  s p e c i f i c  r o t a t i o n  a n a l y s i s  be fo re  a d d i t i o n  t o  the  v i s c o m e te r .  
Flow t imes  were measured to  w i t h i n  u . l  second by means o f  a 
s topwa tch .  The i s o i o n i c  d i l u t i o n  method was used; the  gum s o l u t i o n  
( 6ml)  was p laced  in  the  v i s c o m e te r  and the f l ow  t ime was measured.  
Flow t im es  were a l s o  o b ta in e d  f o r  s u c c e s s i v e  d i l u t i o n s  w i th  M-sod ium 
c h l o r i d e  s o l u t i o n s  ( f o u r  a d d i t i o n s  each o f  2m l ) .  S i n c e  p r e l i m i n a r y  
e xp e r im en t s  had i n d i c a t e d  t h a t  any l o s s  o f  gum from M-sod ium 
c h l o r i d e  s o l u t i o n  on f i l t e r i n g  was n e g l i g i b l e ,  c o n c e n t r a t i o n  v a lu e s  
were e s t im a te d  from the  d ry  we igh t  o f  the gum d i s s o l v e d  in  a known 
vo lurne.
Assum ing  the  d e n s i t i e s  o f  M-sod ium c h l o r i d e  and the  gum s o l u ­
t i o n s  t o  be equal  f o r  low c o n c e n t r a t i o n s  o f  gum, the  l i m i t i n g  
v i s c o s i t y  number [ h ]  i s  g i ven  by:
1 i m 1 i m
[n ]  -  n / c = ( t  - t  ) / c t
c K) M C >0
where c i s  the  c o n c e n t r a t i o n  o f  the  gum s o l u t i o n  (g/ml)  and t Q and t 
a re  the  f l ow  t imes  ( s e co nd s )  f o r  s o l v e n t  and s o l u t i o n  r e s p e c t i v e l y .
E x t r a p o i a t i o n  o f  the  l i n e a r  p l o t  o f  (t  - t  ) / c t  vs  c to  c = 0
r o o
g i v e s  [ n ]  the  l i m i t i n g  v i s c o s i t y  number ( a l t e r n a t i v e l y  known as the  
i n t r i n s i c  v i s c o s i t y ) ( . cf),
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L i g h t  s c a t t e r i n g  measu rement s , f o r  m o le c u l a r  we iyh t  d e t e rm in a ­
t i o n s  were c a r r i e d  out at  28 .U+0 .5°C  w i th  a SUF ICA  p h o t o g o n i o d i f -  
fusorneter Model 42UU. U n p o l a r i s e d  green l i g h t  (545 nm) was s e l e c t e d  
from a mercury  lamp spect rum w ith  a Wratten Kodak N61 f i l t e r .  U s ing  
the l i m i t i n g  v i s c o s i t y  number as a g u i d e l i n e  to  the  d e s i r a b l e  con ­
c e n t r a t i o n  and u s i n g  M-sod ium c h l o r i d e  as  a s o l v e n t ,  gum s o l u t i o n s  
were a c c u r a t e l y  p repared  ( 0 . 1  - 0 .3 g  in  50 m l ) .  D i l u t i o n s  o f  t h i s  
s o l u t i o n  were made and the  m o le c u l a r  we igh t  was c a l c u l a t e d  as  an 
ave rage  o f  t h r e e  o f  t h e se  s o l u t i o n s .  The s o l u t i o n s  were c l a r i f i e d  
and made d u s t  f re e  by pa s sa ge  t h ro u g h  f i l t e r s  o f  a ve rage  pore  s i z e
0.8ym and 0.22pm ( Mi 11 i pore L t d . ,  Bed fo rd ,  M a s s . ,  USA) r e s p e c t i v e l y ,  
u s i n g  a s t a i n l e s s  s t e e l  h o l d e r  a t ta che d  to  a s y r i n g e  ( 20m l ) .
Fo r  each c o n c e n t r a t i o n ,  the  i n t e n s i t y  o f  s c a t t e r e d  l i g h t  at 
v a r i o u s  a n g l e s  between 30° and 15U° was reco rded  and c o r r e c t e d ,  and 
c o r r e c t e d  s c a l e  r e a d in g s  I f o r  a n g le  6 were c a l c u l a t e d  ¡_4] from 
the  equ a t i o n :
1 + c o s 2 0
where I s o l n  and I  ̂ a re  the  s c a l e  r e a d i n g s  f o r  the po lymer  s o l u t i o n
and s o l v e n t  r e s p e c t i v e l y .  The r e c i p r o c a l  c o r r e c t e d  s c a l e  re a d in g
2
1/ IQ i s  p l o t t e d  a g a i n s t  S i n  e/2 .  E x t r a p o l a t i o n  o f  the  l i n e a r  p o r ­
t i o n  o f  t h i s  g raph  to  0 = 0 g i v e s  a va lu e  f o r  [ 1 / 1  ] The
6 0 =U
downward c u r v a t u r e  o f  t h e se  g raph s  at  low a n g l e s  i s  t h ou gh t  to  be 
caused  by du s t  p a r t i c l e s  suspended  in  s o l u t i o n  [ 5 ] ,
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M o le c u l a r  w e i g h t s  a re  then c a l c u l a t e d  from the e q u a t i o n :
R
M =
2w2 n 2 
o
a mn
[ d n / d c ] 2 . I B . c .  [ 1 / I 0 ] 0=Q
where nQ = r e f r a c t i v e  index  o f  s o l v e n t  ( 1 . 3 4 0 )
n = r e f r a c t i v e  i ndex  o f  s o l u t i o n
N = A v o g a d r o ' s  number (6 .023  x 102 3 )
A = w ave leng th  o f  i n c i d e n t  l i g h t  (54b nm)
c = c o n c e n t r a t i o n  in  g/rnl
1  ̂ = i n t e n s i t y  d i f f u s e d ,  s e l e c t e d  f o r
s t a n d a rd  benzene ( 0 . 5 )  
dn/dc = r e f r a c t i v e  i n dex  in c rement
R = R a y l e i g h  c o n s t a n t  o f  s t a n d a rd  benzene
(16 .3  x 10 6 f o r  A = 546 nm)
O s in g  the dn/dc v a lu e  o f  0 .146  ( i . e .  the  a ve rage  va lu e  found [ 6 J o f  
a s e r i e s  o f  A ca c ia  gums) the  eq u a t i o n  i s  reduced to :
M = 2 .309  x 1O2/ ( C . [ V I 0] 0=O).
JJ..3 CHEMICAL METHODS
( j j  Sm a l1 s e a l e  p o l y s a c c h a r i d e  h y d r o l y s e s  were c a r r i e d  out 
o v e r n i g h t  w i th  0.5M -  1.0M s u l p h u r i c  a c i d  in  a b o i l i n g  water  ba th .  
H y d r o l y s a t e s  were n e u t r a l i s e d  w i th  bar ium ca rb o n a te ,  vacuum f i l ­
t e r e d ,  d e i o n i s e d  w i th  A m b e r l i t e  IR - 1 2 0  (H) r e s i n ,  vacuum f i l t e r e d  
and co n ce n t r a te d  to  a s y rup  on a r o t a r y  e v a p o r a t o r .
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( 1 1 ) C h rom atog raph ic  s e p a r a t i o n s
Paper ch romatography  o f  s u g a r s  was c a r r i e d  out  on Whatman No.
1 paper ( u n l e s s  o t h e rw i s e  s t a t e d )  u s i n g  the  f o l l o w i n g  s o l v e n t  s y s ­
tems ( v / v ) :
(a)  e t h y l  a c e t a t e ,  a c e t i c  a c i d ,  f o rm ic  a c id  and water 
( 1 8 : 3 : 1 : 4 ) ,
(b)  benzene, b u t a n o l ,  p y r i d i n e  and water 
( 1 : 5 : 3 : 3 ,  upper  l a y e r )
(c )  e t h a n o l ,  h y d r o c h l o r i c  a c i d  (U.1N) and butano l  
( 1 0 : 5 : 1 ) [ 7 ] .
B e fo re  u s i n g  s o l v e n t  system ( c ) ,  the paper s  were d ipped  in  
U.3M sodium d ih y d ro ge n  o r th o  phosphate  s o l u t i o n  and a i r  d r i e d .
Reduc ing  s u g a r s  were de te c te d  by s p r a y i n g  chromatograms w i th  a 
s a t u r a t e d  s o l u t i o n  o f  a n i l i n e  o x a l a t e  i n  e t h a n o l/ w a te r  ( 1 : 1 , v / v ) ,  
f o l l o w e d  by h e a t i n g  at  ca.  15U°C f o r  ca .  5 m inu te s .
( i i i ) Q u a n t i t a t i v e  determi na t i  on o f  s u g a r s
Suga r s  were s ep a ra t ed  from h y d r o l y s a t e s  by ch romatography  in  
s o l v e n t  (b)  or  (c)  on Whatman 3MM p a pe r s .  A f t e r  e l u t i o n  from the 
p a pe r s ,  s u g a r s  were q u a n t i f i e d  by the  p h e n o l - s u l p h u r i c  a c id  method 
[ 8 J. The ab so rb ance s  were read u s i n g  a Unicam SP13UU s p e c t r o p h o ­
tomete r w i th  f i l t e r  2. C a l i b r a t i o n  c u r v e s  were o b ta in e d  from known
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w e ig h t s  o f  s u g a r s .
( 1v ) Ami no a c id  h y d r o l y s i  s
S u f f i c i e n t l y  f i n e l y  ground sample to  g i v e  n i t r o g e n  (2mg)
(c rude  p r o t e i n ,  12.5mg) was weighed and t r a n s f e r r e d  q u a n t i t a t i v e l y  
to  a round-bottomed two-necked f l a s k  ( lUOml) .  A f t e r  add in g  a n t i ­
bumping g r a n u l e s ,  6N h y d r o c h l o r i c  a c i d  ( A n a l a r ,  s p e c i f i c  g r a v i t y  
1 . 1 8 : HgU 1 :1 )  ( 8 0 m l ) and 0.004M n o r - l e u c i n e  ( 0 . 5 2 4 8 g / l i t r e  in  N/10 
h y d r o c h l o r i c  a c i d ) ( 2m l ),  the f l a s k  was f i t t e d  t o  an a i r  co o le d  con ­
den se r  (8UUmm) and the  a p p a ra t u s  pu rged  w i th  o x y g e n - f r e e  n i t r o g e n  
y a s .  The c o n te n t s  o f  the f l a s k  were heatea under  r e f l u x  f o r  e x a c t l y  
20 h o u r s  under  a c o n t i n u o u s  and s low  stream o f  o x y g e n - f r e e  n i t r o g e n  
ga s .  The f l a s k  was a l l owed  to  cool  and the  c o nden se r  was washed 
w i th  water.  The s o l u t i o n  was vacuum f i l t e r e d  u s i n g  No. 42 Whatman 
f i l t e r  pape r s  and evapo ra ted  to  d r y n e s s  a t  42°C. The r e s i d u e  was 
d i s s o l v e d  i n  N/1UU h y d r o c h l o r i c  a c i d  ( 2Uml),  f i l t e r e d  t h r o u y h  a 
f i l t e r  o f  a ve rage  pore  s i z e  0.22pm ( Mi 11 i p o r e  L t d . ,  Bed fo rd ,  M a s s . ,  
USA) w i th  a s t a i n l e s s  s tee l  f i l t e r  h o l d e r  a t ta che d  to  a s y r i n g e  
( 20m l ) ,  and s t o r e d  in  a g l a s s  v i a l  pend ing  a n a l y s i s .
(_v) Ami no a c id  a n a l y s i  s
A s u i t a b l e  a l i q u o t  ( n o rm a l l y  5 0 y l ) was a p p l i e d  to  a s t a i n l e s s
s t e e l  column (350mm x 3mm) o f  c a t i o n i c  exchange  r e s i n  ( 6 p beads
from Rank H i l y e r )  and the c o n s t i t u e n t  amino a c i d s  s e p a ra te d  by n i yh
2
p r e s s u r e  (ca .  20001b s/ in  ) e l u t i o n  w i th  l i t h i u m  c i t r a t e  D u f f e r s  of
13
i n c r e a s i n g  i o n i c  s t r e n g t h s  and pH. The e l u t e d  amino a c i d s  were 
de te c te d  by r e a c t i o n  w i th  n i n h y d r i n  in  a c o n t i n u o u s  f l ow  a n a l y t i c a l  
system and q u a n t i f i e d  by r e f e r e n c e  to  s t a n d a rd  s o l u t i o n s  at  57Unm 
(440nm f o r  p r o l i n e  and h y d r o x y p r o l i n e ) .
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I I I . l  INTRODUCTION
The genus  A ca c ia  ( F a m i l y  L e g um ino sae , s u b - f a m i l y  M imoso ideae  ) 
i s  e x t rem e ly  l a r g e  p r o v i d i n g  many complex p rob lems  o f  nomenc la tu re  
ana c l a s s i f i c a t i o n .  The number o f  s p e c i e s  in  t h i s  yenus  i s  not 
known w i th  c e r t a i n t y ;  e a r l i e r  e s t i m a t i o n s  v a r i e d  from 500 - 900 
[ 1 , 2 , 3 ] ,  but i t  i s  now c l e a r  t h a t  the  number p r o b a b l y  exceeds  90U 
[ 4 ] .
The yenus  was d i v i d e d  i n t o  s i x  s e r i e s  by Bentham Lb] a l t h o u g h  
r e v i s i o n s  have been n e c e s s a r y  w i th  the  d i s c o v e r y  o f  new s p e c i e s ,  
Ben tham ' s  main d i v i s i o n s  basea  on h a b i t ,  i n f l o r e s c e n c e  and ge o g r a p h ­
i c a l  d i s t r i b u t i o n  a re  s t i l l  used and a re  o u t l i n e d  below.






6 F I L I C I N A E
S p e c i e s  from S e r i e s  1 a re  n a t i v e  to  A u s t r a l i a ,  Hawaii  and New 
C a le d o n ia ;  s p e c i e s  from S e r i e s  2 and 3 a re  n a t i v e  to  A u s t r a l i a ;  
s p e c i e s  from s e r i e s  4 and 5 are found th r o u g h o u t  t r o p i c a l  and sem i -  
t r o p i c a l  p a r t s  o f  the  wor ld  and s p e c i e s  from s e r i e s  6 a re  n a t i v e  t o
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South  Amer ica .
C om par i son s  o f  the a n a l y t i c a l  and s t r u c t u r a l  data  f o r  ca.  1UU 
s p e c i e s  b e l o n g i n g  t o  Bentharn ' s ,  s e r i e s  1, 2, 4 and 5 have been made; 
in  g e n e r a l ,  the  chemical  e v idence  s u b s t a n t i a t e s  [ 6 ] Ben tham 's  t a x o ­
nomic d i v i s i o n s .  Gum exuda te s  from Bentham 's  s e r i e s  3 and 6 have 
not y e t  been s t u d i e d .
The A c a c ia  gum exudate  s t u d i e d  in  t h i s  s e c t i o n  i s  from A c a c ia  
c a l c i g e r a , an A u s t r a l i a n  s p e c i e s  d i s c o v e r e d  r e c e n t l y  by Dr Mary T i n -  
d a le  o f  the Royal  B o t a n i c  Gardens ,  Sydney ,  N .S .W.,  and a s s i g n e d  on 
the  b a s i s  o f  i t s  b o t a n i c a l  c h a r a c t e r ! s t i c s  to  Bentham 's  S e r i e s  Gum- 
mi f e r a e , members o f  which a re  not n o rm a l l y  found in  A u s t r a l i a .
Each A ca c i a  s p e c i e s  exudes a gum t h a t  i s  c h a r a c t e r i s t i c  o f  
t h a t  s p e c i e s  r e g a r d l e s s  o f  where i t  i s  grown g e o g r a p h i c a l l y .  The 
aim o f  t h i s  s e c t i o n  was to  make an a n a l y t i c a l  compar i son  between the  
gum exudate  from A c a c ia  c a l c i  ge ra  and the a n a l y t i c a l  pa ram ete rs  e s ­
t a b l i s h e d  f o r  o t h e r  members o f  the  Gummiferae S e r i e s  in  o r d e r  to  
a s c e r t a i n  i f  the a n a l y t i c a l  da ta  su p p o r t  the  a s s i g n m e n t  o f  t h i s  
s p e c i e s  to  the  S e r i e s  Gummi f e r a e .
I I I . 2. OR IG IN  OF THE GUM SPECIMEN
The gum exudate  from A ca c ia  c a l c i g e r a  T i n d a l e  was c o l l e c t e d  
by Dr Mary T i n d a l e  and C. Dunlop on 9th du l y  1979, 2 8 .8  km South  of  
the  Maranboy t u r n o f f  on S t u a r t  Highway, Nor the rn  T e r r i t o r y ,  Au s -
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t r a l i a .  The b o t a n i c a l  specimen voucher  f o r  t h i s  t r e e  i s  NSW lU85by.
I I I . 3 ANALYTICAL RESULTS AND DISCUSS ION
B efo re  a n a l y s i s  the  nodu le s  o f  gum were c ru sh ed  to  a f i n e  
powder u s i n g  a rnortar  and p e s t l e .  A n a l y t i c a l  s t u d i e s  were c a r r i e d  
out  on the  c rude  gum.
The a n a l y t i c a l  r e s u l t s  f o r  the gum exudate  from A c a c i a  cal  c i - 
gera  a re  shown i n  Tab le  I I I . l  and compared in  Tab le  I I I . 2 w i th  the  
a n a l y t i c a l  data  f o r  f i v e  o th e r  members o f  the  Gummiferae S e r i e s .
The Gummi f e r a e  S e r i e s  i s  a p red om ina n t l y  A f r i c a n  group  o f  A ca ­
ci as  and i t  i s  unusua l  f o r  a s p e c i e s  w i t h i n  t h i s  S e r i e s  to  o c cu r  in  
A u s t r a l i a .  The gum exuda te s  from A ca c ia  c a l c i g e r a , a s p e c i e s  r e ­
c e n t l y  d i s c o v e r e d  in  A u s t r a l i a  by Dr Mary T i n d a l e ,  has been shown to
e x h i b i t  a h i g h l y  p o s i t i v e  s p e c i f i c  r o t a t i o n  and h i g h  m o le c u l a r  
w e igh t ,  and to  c o n t a i n  low amounts o f  rhamnose. These r e s u l t s  a re  
c h a r a c t e r i s t i c  o f  members o f  the  Gummi f e r a e  S e r i e s .
The da ta  f o r  the gums from t y p i c a l  members o f  the  Gummi f e r a e  
S e r i e s  e . g .  A ca c ia  d r ep an o lo b i  urn [ 7 ] ,  A ca c ia  n i l o t i c a  [ 8 ] ,  Acac i  a
nubi ca [ 9 ] ,  Acaci  a seya l  [1U] and Acac i  a a r ab i  ca [ 1 1 ] ,  shown in
Tab le  I I I . 2, c o r r e s p o n d  c l o s e l y  to  the  da ta  o b ta ine d  f o r  the  gum 
from A c a c i a  c a l c i g e r a  e . g .  n i t r o g e n ,  m e t h o x y l , g a l a c t o s e ,  a r a b i n o s e  
and rhamnose c o n t e n t s ,  s p e c i f i c  r o t a t i o n s ,  i n t r i n s i c  v i s c o s i t i e s  ana
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m o le c u l a r  w e i g h t s .
Herice the yum exudate  from A c a c i a  c a l c i g e r a , d e s p i t e  i t s  geo ­
g r a p h i c a l  o r i g i n ,  can be rega rded  as  a t y p i c a l  member o f  Bentham 's  
Gummi f e r a e  S e r i e s .  T h i s  i ndependent  a n a l y t i c a l  e v idenc e  o f  the 
c o r r e c t n e s s  o f  the  b o t a n i c a l  a s s i g n m e n t  o f  A ca c ia  c a l c i g e r a , made on 
the b a s i s  o f  the  e x t e r n a l  m o rp h o l o g i c a l  c h a r a c t e r s  o f  the  t r e e ,  was 
welcomed by Dr Mary T i n d a l e .
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TABLE I I I . 1  : A n a l y t i c a l  da ta  f o r  the  gum exudate  from A ca c ia  
c a l c i o e r a  T i n d a l e
M o i s t u r e ,  % 13.1
A sh ,  %a 2 .7
N i t r o g e n ,  %a 0 .15
Hence p r o t e i n ,  %a 0 .90
M e t h o x y l , °/J° 0 .76
S p e c i f i c  r o t a t i o n ,  d e g r e e s *3 +97
I n t r i n s i c  v i s c o s i t y  m l g ~ ia  15
M o l e c u l a r  w e ig h t ,  Mw x 106a 2 .6
E g u i v a l e n t  w e i g h t ,*3 1430
b c
Hence u r o n i c  a n h y d r i d e ,  % ’ 12
Suga r  c o m p o s i t i o n  a f t e r  h y d r o l y s i s : -
4-0 -Methy l  g l u c u r o n i c  a c i d 0*
G l u c u r o n i c  a c id  
G a la c t o s e  
A rab i  nose  
Rhamnose
Foo tno te s
a : c o r r e c t e d  f o r  m o i s t u r e  co n te n t
b : c o r r e c t e d  f o r  m o i s t u r e  and p r o t e i n  c o n te n t
c : i f  a l l  a c i d i t y  a r i s i n g  from u r o n i c  a c i d  g roup s
d : i f  a l l  methoxyl  c o n te n t  p r e s e n t  in  t h i s  a c i d
nd : no t  determ ined
4 .5





TABLE I I I . 2 : Compari son  o f  the a n a l y t i c a l  da ta  f o r  some Gummiferae s p e c i e s
o f  A c a c ia  w i th  t h o se  found f o r  A ca c ia  c a l c i a e r a
A c a c ia  A c a c ia  A c a c ia  Acac i  a A c a c i a  Acac i  a
d rep an o - n i l o t i c a  nu b ic a  s e ya l  a r a b i c a  cal  c i  gé ra
lob ium
(7) ( 8 ) (9) ( 1 0 ) ( 1 1 )
As h, °/a 2.52 2.48 1.54 2.87 nd 2 .7
N i t r o g e n ,  %a 1 . 1 1 0 . 0 2 0 . 2 0 0 .14 0.07 0 .15
M e t h o x y l , %b 
S p e c i f i c  , 













I n t r i n s i c  _.a  
v i s c o s i t y ,  ml g 17 .8 9.5 9 .8 1 2 . 1 9.9 15
M o l e c u l a r  ga 
w e ig h t ,  Mw x 10 0.95 2 . 2 0.87 0.85 2 .3 2 . 6
E q u i v a l e n t  w e i g h t 13 1980 1890 3030 1470 1880 1430
Hence u r o n i c  , 
a n h y d r i d e ,  % ,c 9 9 7 12 10 12
S uga r  c o m p o s i t i o n
a f t e r  h y d r o l y s i s  ;
4 - 0 -M e th y l
g l u c u r o n i c  a c id ^ 2 .5 6 0 .5 5 .5 6 4 .5
G lu c u r o n i c  a c id 6 .5 3 6 .5 6 .5 4 7.5
G a l a c to se 38 44 33 38 32 34
A r a b in o s e 52 46 59 46 57 54
Rhainnose 1 0 .4 1 4 0.4 <1
For a, b, c,  d and nd see Tab le  I I 1 . 1 .
REFERENCES
1. J .M .  B l a c k ,  F l o r a  o f  Sou th  A u s t r a l i a  (2nd e a n . ) ,
1948 -  1957, Government P r i n t e r ,  A d e l a i d e ,  A u s t r a l i a .
2. J . P .M .  B renan, D i r e c t o r ,  Royal B o t a n i c  Gardens ,  Kew, 
P r i v a t e  Commun ica t ions ,  1968.
3. A . J .  Ewart,  F l o r a  o f  V i c t o r i a , 1930, Government P r i n t e r ,  
Me lbourne,  A u s t r a l i a .
4. M.U. T i n d a l e ,  P r i v a t e  Communicat i on ,  1979.
5. G. Bentham, T ra n s .  L i n n .  Soc .  Lond . ,  1875, 30, 444.
6 . D.M.W. Anderson  and I . C .M .  Dea, Phy tochem ., 19b8,
8 j  1 6 7 .
7. D.M.W. Anderson  and I . C .M .  Dea, Carbohyd.  R e s ., 1968,
8 , 448.
8 . D.M.W. Anderson  and K.A.  K a ra m a l l a ,  Carbohyd.  R e s . ,
1966, 2, 403.
9. D.M.W. Anderson  and G.M. Cree, Carbohyd.  R e s ., 1968,
6 , 385.
10. D.M.W. Ander son ,  I . C .M .  Dea and S i r  Edmund H i r s t ,
Carbohyd. R e s ., 1968, 8 , 460.
11. D.M.W. Ander son ,  S i r  Edmund H i r s t  and J . F .  S t o d d a r t ,
J .  Chem. Soc . ,  (C ) ,  1967, 1476.
21
SECTION IV
AN ANALYTICAL STUDY OF THE GUM EXUDATE
FRUM AN INDIAN CULTIVAR UF LEUCAENA LEUCUCEPHALA
22
IV._I INTRODUCTION
The t r e e  Leucaena l e u co ce p h a la  (Lam) de Wit  ( f a m i l y  Legum i- 
nosae  , s u b - f a m i l y  M imosoideae ) i s  n a t i v e  to  C en t ra l  Amer ica  but 
has been in t r o d u c e d  to  the  P a c i f i c  I s l a n d s ,  the P h i l i p i n e s ,  I n ­
d o n e s i a ,  Papua New Guinea , M a l a y s i a  and Ea s t  and West A f r i c a .
Leucaena  l e u c o c e p h a l a , o f  a l l  t r o p i c a l  legumes o f f e r s  a wide 
v a r i e t y  o f  u se s  to  both a n im a l s  and human b e i n g s .  I t  p r o v i d e s  nu ­
t r i t i o u s  f o r a g e  in  the form o f  p r o t e i n a c e o u s  f odd e r  f o r  a n im a l s  and 
e d i b l e  beans f o r  humans.
Leucaena t r e e s  grow r a p i d l y  and y i e l d  an e x t r a o r d i n a r y  amount 
o f  wood hence they  a re  an abundant s o u r c e  o f  f i r ew o od  and r i c h  o r ­
g a n i c  f e r t i l i s e r .  T h e i r  r a p i d  growth encou rage s  t h e i r  use i n  r e -  
v e g e t a t i n g  t r o p i c a l  h i l l s i d e s  and i n  p r o v i d i n g  w in d b re a k s ,  f i r e ­
b re a k s ,  shade and o rnam en ta t io n .  A f u r t h e r  advantage  o f  Leucaena 
1 eucocepha la  i s  i t s  h i g h  r e s i s t a n c e  to  p e s t s  and d i s e a s e s .
There a re  however d i s a d v a n t a g e s  i n v o l v e d .  There i s  a v a r i e t y  
o f  L eu cae na , p a r t i c u l a r l y  o f  the Hawai ian  t y pe ,  which has become a 
weed, c r e a t i n g  prob lems where the  p l a n t  i s  not d e s i r e d  or  not h a r ­
ve s t e d  r e g u l a r l y .
The l e a v e s  o f  Leucaena c o n t a i n  an uncommon amino a c i d ,  mimo- 
s i n e ,  which i s  t o x i c  t o  n o n - ru m in an t s  as  i t  c a u se s  a r e d u c t i o n  in  
the p r o d u c t i o n  o f  ttie t h y r o i d  hormone t h y r o x i n e .  T h i s  l e a a s  to  l o s s
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o f  rump and t a i l  h a i r  and can r e s u l t  in y o i t r e  i . e .  sw o l l e n  t h y r o i d  
g l a n d s .  Ruminants  have stomach m i c r o - o r g a n i s m s  t h a t  can c o n v e r t  
m imos ine i n t o  d i h y d r o x y  p y r i d i n e  (DHP) which w i l l  o n l y  cause  p r o b ­
lems i f  r um inan t s  consume Leucaena l e a v e s  in  e x c e s s i v e  amounts f o r  a 
l ong  p e r i o d  o f  t ime
In  recen t  y e a r s  the  many a t t r a c t i v e  e c o l o g i c a l  p r o p e r t i e s  o f  
Leucaena leu coce p h a la  have s t i m u l a t e d  w idesp read  i n t e r e s t  in  v a r i o u s  
a sp e c t s  o f  i t s  c u l t i v a t i o n .  I t  shows g r e a t  g e n e t i c  d i v e r s i t y ;  t h e re  
a re  a t  l e a s t  100 d i f f e r e n t  v a r i a n t s ,  based on 3 main t y p e s  a s c r i b e d  
to Haw a i i ,  S a l v a d o r  and Pe ru .  Such d i v e r s i t y  o f f e r s  the  p l a n t  
b reede r  o p p o r t u n i t i e s  f o r  e l i m i n a t i n g  u n d e s i r a b l e  p r o p e r t i e s  o f  Leu ­
caena and f o r  e x p l o i t i n g  o t h e r s  [ 1 , 2 , 3 , 4 ] .
In t h i s  s e c t i o n  a sample o f  the  gum exudate  from a c u l t i v a r  o f  
Leucaena l e u co ce p h a la  was a n a l y s e d  in  o r d e r  to  dete rm ine  whether i t  
p o s s e s s e s  any p r o p e r t i e s  o f  commercial v a lu e  o r  i n t e r e s t i n g  chemical  
f e a t u r e s .
I V . 2 ORIG IN  OF GUM SAMPLE
The sample o f  gum was r e c e i ve d  from Mr. R.M. E g gen b e r y e r ,  Ma- 
t r a m a n d i r  Peace Gardens,  a t  A u r o v i l l e ,  near P o n d i c h e r r y  i n  South I n ­
d i a .  The t r e e  i n v o l v e d  (age 2 .5  y e a r s )  produced gum c o p i o u s l y  and 
d id  not appear t o  be d i s e a s e d  in  any way. However, none o f  the  o t h ­
e r  c u l t i v a r s  at  A u r o v i l l e  y i e l d e d  gum.
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I V . 3 ANALYTICAL RESULTS AND D ISCUSS ION
The a n a l y t i c a l  r e s u l t s  f o r  the guru exudate  from Leucaena leu -  
cocepha la  a re  shown in  Tab le  IV t o g e t h e r  w i th  the  c o r r e s p o n d i n g  data  
f o r  gum a r a b i c  [ 5 , 6 ]  d e r i v e d  from A c a c ia  Senegal  ( L ) .  W i l l d .  The 
amino a c i d  p r o f i l e s  f o r  both gum samples  a re  shown in  F i g u r e  I V . 1.
Leucaena le u coce p h a la  b e l o n g s  to  the  f a m i l y  L e g um ino sae , s u b ­
f a m i l y  M imosoideae and t h e r e f o r e  can be expected  to  have a c l o s e  r e ­
l a t i o n s h i p  to  o th e r  we l l -known gum b e a r in g  genera  o f  the  same f a m i l y  
and s u b - f a m i l y  e . g .  A c a c i a , P r o s o p i s .
I t  was t h e r e f o r e  o f  i n t e r e s t  to  determ ine  whether  the Leucaena 
gum exudate  bore  any c l o s e  chemical  o r  p h y s i c o - c h e m i c a l  p r o p e r t i e s  
to  any o f  the  gum exuda te s  from s p e c i e s  i n  M imoso ideae  s t u d i e d  p r e ­
v i o u s l y .
The genus Acaci  a ( f a m i l y  Legumi nosae  , s u b - f a m i l y  Mimosoi  d e a e ) 
was d i v i d e d  i n t o  s i x  s e c t i o n s  by Bentham [ 7 ]  a s  d e t a i l e d  in  S e c t i o n
I I I .  The p r i n c i p a l  s o u r ce  o f  gum a r a b i c ,  an ex t rem e ly  im por tan t  
commercial gum, i s  A cac ia  Senegal  which i s  p la ced  in  Benthams s e c ­
t i o n  V ( V u l g a r e s ).
The gum exudate  from Leucaena 1eucocepha la  was found to  have a 
n e g a t i v e  o p t i c a l  r o t a t i o n  and a low n i t r o g e n  c o n te n t  w i th  a r a t i o  o f  
g l u c u r o n i c  a c id  to  rhamnose c l o s e  to  u n i t y .  The th re e  p r i n c i p a l  am­
in o  a c i d s  in  the  Leucaena gum exudate  and in  gum a r a b i c  (A ca c ia
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S e n e g a l ) were h y d r o x y p r o l i ne, s e r i n e  and p r o l i n e .  However, the  Leu -  
caena gum exudate  had i n c r e a s e d  amounts o f  a l a n i n e ,  a r g i n i n e ,  
i s o l e u c i n e ,  l y s i n e ,  s e r i n e  and t y r o s i n e  when compared to  gum a r a o i c  
( A c a c ia  s e n e g a ! ).  The chemica l  c o m p o s i t i o n  and p r o p e r t i e s  o f  Leu- 
caena gum bore a c l o s e  resemblance  to  t h o s e  f o r  gum a r a b i c ,  as can 
be seen i n  Tab le  IV and F i g u r e  I V . 1. Leucaena gum i s ,  however more 
v i s c o u s  and o f  a h i g h e r  m o le c u l a r  w e igh t  than gum a r a b i c ;  th e se  ad ­
va n ta ge s  a re  c o m m e rc ia l l y  im p o r ta n t .
I f  a gum y i e l d i n y  c u l t i v a r  o f  Leucaena Ie u coce pha la  co u ld  be 
u t i l i s e d  i n  some o f  the  f u t u r e  p l a n t i n g  p r o j e c t s  which a re  e c o l o g i ­
c a l l y  d e s i r a b l e ,  p a r t i c u l a r l y  in  a r i d  zone s ,  then the  s c a l e  o f  
p l a n t i n g  i n v o l v e d  in  such  o p e r a t i o n s  c o u ld  lead  t o  the  p r o d u c t i o n  o f  
c o n s i d e r a b l e  amounts o f  Leucaena l e u co ce p h a la  gum which  would un ­
do u b te d l y  be o f  commercial  i n t e r e s t  f o r  a p p l i c a t i o n s  i n  which gum 
a r a b i c  i s  t r a d i t i o n a l l y  used.
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TABLE IV : A n a l y t i c a l  data  f o r  the gum exudate  from Leucaena
le u co ce p h a la
Moi s t u r e  
A sh ,  %a 
N i t r o g e n ,  %a 
Hence p r o t e i n ,  
M e t h o x y l ,
IN x 6 . 2 5 ) (
S p e c i f i c  r o t a t i o n ,  deg rees
“ 1 à
I n t r i n s i c  v i s c o s i t y ,  ml g 
M o l e c u l a r  w e ig h t ,  Mw x 106a 
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*  ( ) c o r r e s p o n d i n g  data  f o r  gum a r a b i c  ( 5 , 6 )  
Fo o tno te s
a : c o r r e c t e d  f o r  m o i s t u r e  co n te n t
b : c o r r e c t e d  f o r  m o i s t u r e  and p r o t e i n  co n te n t
c : i f  a l l  a c i d i t y  a r i s i n g  from u r o n i c  a c i d  g roup s
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FIGURE I V . 2 : Key to  amino a c i d s
A la - A1an i  ne
Arg - A r g i n i n e
Asp - A s p a r t i c  a c id
Cys - C y s t i n e
Gl u - G lu tam ic  a c id
Gly - G ly c i  ne
H i s - H i s t i d i n e
Hyp - H y d r o x y p r o l i  ne
H e - I s o l e u c i n e
Leu - Leuc i  ne
Lys - L y s i n e
Met - M e th io n in e
Phe - P h e n y l a l a n i n e
Pro - P r o l i n e
Se r - S e r i  ne
Thr - Threon i  ne
T y r - T y r o s i n e
Val _ V a l i  ne
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V . I (_a ) Gum a r a b i c
Gum a r a b i c  i s  d e f i n e d  f o r  f o o d s t u f f s  pu rpo se s  by a l l  i n t e r n a ­
t i o n a l  r e g u l a t o r y  bo d ie s  as  the d r i e d  exudate  o b ta in e d  from the 
stems and b ranches  o f  A c a c ia  Senegal  ( L . )  W i l ldenow o r  from r e l a t e d  
s p e c i e s  o f  A ca c ia  ( f a m i l y  Le gum ino sae , s u b - f a m i l y  M imosoideae ( 1 ) .  
There a re  more than 9UU s p e c i e s  o f  A c a c ia  d i s t r i b u t e d  th ro u gh o u t  
t r o p i c a l  and s u b - t r o p i c a l  a r e a s  o f  the  w o r ld ,  but a lmos t  a l l  (>90%) 
commercial gum a r a b i c  i s  d e r i v e d  from A c a c ia  S e n e g a l . On ly  one o t h ­
e r  s p e c i e s ,  A ca c ia  seya l  (not c l o s e l y  r e l a t e d  b o t a n i c a l l y  t o  A ca c ia  
Senegal  and t h e r e f o r e  not pe rm i t ted  in  f o o d s t u f f s )  y i e l d s  gum in  
co m m erc ia l l y  u s e f u l  q u a n t i t i e s  f o r  t e c h n o l o g i c a l ,  as  opposed to  
f o o d s t u f f s ,  p u rp o s e s .  A lmost a l l  o f  the  commercial s u p p l i e s  o f  gum 
a r a b i c  i s  produced in  the  s u b - S a h a r a  o r  Sahel  zone o f  A f r i c a  and 
more than 90% o f  i t  i s  c o l l e c t e d  from c u l t i v a t e d  t r e e s  in  "gum g a r ­
de n s "  from s t a t e  f o r e s t s  ( 2 ) .  The gum-produc ing  c o u n t r i e s  i n  o rd e r  
o f  im portance  are the R e p u b l i c  o f  Sudan, S e n e g a l ,  M a u r i t a n i a ,  N i ­
g e r i a ,  T anzan ia ,  Morocco, E t h i o p i a  and the R e p u b l i c  o f  S om a l i a .  The 
major gum m a rke t s ,  which buy 76% o f  the w o r l d ' s  s u p p l y  of  gum a r a ­
b i c ,  a re  U . S . A . ,  U .K . ,  I t a l y ,  West Germany, Japan, F rance ,  Be lg ium 
and the  N e th e r l a n d s  ( 3 ) .
Gum a r a b i c  has a h i g h l y  branched s t r u c t u r e  and i s  the h a l f ­
n e u t r a l i s e d  s a l t  o f  an a c i d i c  p o l y s a c c h a r i d e  c o n t a i n i n g  c a l c iu m ,  
magnesium, sod ium, po ta s s ium  and o the r  c a t i o n s  ( e . g .  i r o n ,  man-
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gañese ,  z i n c ) .  The gum p o l y s a c c h a r i d e  i s  a s s o c i a t e d  w i th  enzymes 
( o x i d a s e s  and p e r o x i d a s e s )  (3)  and smal l  amounts o f  p r o t e i n  ( 4 ) .  
Complete h y d r o l y s i s  w i th  d i l u t e  a c i d  y i e l d s  _D - g a l a c t o s e ,  _L - a r a b i -  
no se ,  _L -rhamnose  and _D - g l u c u r o n i c  a c i d .  W i th i n  the  p o l y s a c c h a r i d e  
f i e l d ,  gum a r a b i c  i s  un ique  in  h a v in g  h i gh  s o l u b i l i t y  fo rm ing  aque­
ous s o l u t i o n s  up to  a c o n c e n t r a t i o n  o f  50% (w/v ).  I t s  we igh t  a v e r -
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age m o le c u l a r  we igh t  ranges  between c i r c a  0 .5  x 10 and 1 .4  x 10 
d a l t o n s  ( 4 ) .
_V._I_ (_b) Uses o f  gum a r a b i c
C om m erc ia l l y ,  good q u a l i t y  ( i . e .  c l e a n  and pa le  in c o l o u r )  
gum a r a b i c  i s  used p a r t i c u l a r l y  in  the  p h a rm a c e u t i c a l ,  c o sm e t ic  and 
food i n d u s t r i e s ,  whereas poo re r  d a r k e r  commercial g rade s  a re  used in  
l i t h o g r a p h y ,  p a i n t s  and i n k s ,  f oun d r y  sands  and ce ram ic s  e t c .  I t s  
wide use in  f o o d s t u f f s  a r i s e s  because  o f  i t s  p r o p e r t i e s  as  an emul­
s i f i e r ,  s t a b i l i s e r  and t h i c k e n e r  ( 5 ) .
In  the co sm et ic  i n d u s t r y ,  gum a r a b i c  i s  used i n  l o t i o n s  and 
p r o t e c t i v e  creams as  i t  s t a b i l i s e s  e m u l s i o n s  and i n c r e a s e s  t h e i r  
v i s c o s i t i e s .  In  the pharm aceu t ica l  i n d u s t r y ,  gum a r a b i c  a c t s  as  a 
b i n d e r  i n  t a b l e t s  and p i l l s .  I t  i s  used i n  l a x a t i v e s  and to  su spend  
p o o r l y  s o l u b l e ,  m ed ic ina l  s u b s t a n c e s  e . g .  f a t - s o l u b l e  v i t a m i n s .
The main use o f  gum a r a b i c  i s  in  the  food i n d u s t r y ,  where i t  
i s  used to  i n f l u e n c e  the v i s c o s i t y ,  body and t e x t u r e  o f  f o o d s .  Gum 
a r a b i c  im pa r t s  c e r t a i n  p r o p e r t i e s  to  food t h a t  cannot  be o b ta in e d
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from o th e r  t y p e s  o f  m a t e r i a l s .  I t  i s  o d o u r l e s s ,  c o l o u r l e s s ,  t a s t e ­
l e s s  and co m p le te l y  w a t e r - s o l u b l e  and does  not a f f e c t  the  f l a v o u r ,  
c o l o u r  or  odour o f  o t h e r  food i n g r e d i e n t s .
S p e c i f i c  examples o f  the  u se s  o f  gum a r a b i c  in  the  food i n d u s ­
t r y :  ( i )  i t  p r e v e n t s  i c e  c r y s t a l  f o rm a t i on  by a b s o r b i n g  and b i n d i n g  
water  ( i i )  i t  e m u l s i f i e s ,  t h u s  c a u s i n g  the  u n i f o rm  d i s t r i b u t i o n  o f  
f a t  t h r o u g h o u t  a p roduc t  and ( i i i )  i t  i s  used as an a d h e s i v e  in  
g l a z e s  and t o p p i n g s .  In a l l  t h e s e  a p p l i c a t i o n s ,  gum a r a b i c  i s  o n l y  
one o f  s e v e r a l  p o l y s a c c h a r i d e s  t h a t  can b e ' u t i l i s e d ;  the c h o i c e  o f  
which e m u l s i f i e r ,  s t a b i l i s e r  and v i s c o s i f i e r  i s  t o  be used in  a p r o ­
duct i s  l a r g e l y  a m at te r  o f  t h e i r  r e l a t i v e  c o s t - e f f e c t i v e n e s s ,  com­
m e rc ia l  a v a i l a b i l i t y  e t c  ( 3 ) .
! •  1  (c)  A_ s h o r t  rev iew  o f  d i e t a r y  s t u d i e s  o f  gum a r a b i c  in  
an im a l s  and in  Man
I t  was repo r ted  in  1941 and 1949 t h a t  c h r o n i c  expo su re  to  
gum a r a b i c  c o u ld  lead  t o  asthma in  the  p r i n t i n g  i n d u s t r i e s  ( 6 , 7 ) .  
S i n c e  then  the a l 1e r g e n i c i t y  and im muno log ica l  r e s p o n se s  o f  gum a r a ­
b i c  have been sub j e c te d  to  i n t e n s i v e  s t u d y .  A p r e l i m i n a r y  r e p o r t  o f  
t h a t  work ( 8 ) has shown t h a t  gum a r a b i c  i s  a m i ld  a l l e r g e n  in  l a ­
b o r a t o r y  an im a l s  but i t s  e f f e c t  i s  l e s s  than  t h a t  caused  by common 
f o o d s t u f f  components  e . g .  h e n ' s  egg ova lbum in .
In 1954, Man te l l  r epo r ted  (9 )  t h a t  s t u d i e s  w i th  gu inea  p i g s  
a n d ' r a b b i t s  i n d i c a t e d  p a r t i a l  d i g e s t i b i l i t y  o f  gum a r a b i c .  bum a r a -
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b i c  was re p o r te d  in  1957 ( I D )  to  have no e f f e c t  on c h o l e s t e r o l  e x ­
c r e t i o n  i n  r a t s .  The d i g e s t i b i l i t y  o f  gum a r a b i c  was quoted t o  be 
80% by Shue _et aj_. (11 )  a f t e r  they  had fed r a t s  w i th  a d i e t  con ­
t a i n i n g  16% gum a r a b i c  and compared w e ig h t s  o f  c o n t r o l  and t e s t  
f a e c e s .  Booth  _et a_L r epo r te d  (12 )  t h a t  when r a t s  were fed gum 
a r a b i c  i n  the  d i e t  at 15%, i t  r e s u l t e d  i n  c a t h a r t i c  e f f e c t s  i n c l u d ­
in g  b u l k y ,  s t r i n g y  f a e c e s .
Vohra and K r a t z e r  (13 )  conc luded  t h a t  gum a r a b i c ,  fed to  
c h i c k s  i n  a n u t r i t i o n a l l y - b a l a n c e d  d i e t  at  a l e v e l  o f  2% (w/w), d id  
not a f f e c t  t h e i r  growth.
T sa i  _et aj_. (14)  fed gum a r a b i c  to  r a t s  at c o n c e n t r a t i o n s  of  
5% and 7% and s t u d i e d  the  r e s u l t i n g  e f f e c t s  on serum, l i v e r  and t i s ­
sue c h o l e s t e r o l  l e v e l s .  Gum a r a b i c  d id  not d e c rea se  serum 
c h o l e s t e r o l  l e v e l s  but i n  some exp e r im en t s  i n c r e a s e d  l i v e r  and t i s ­
sue c h o l e s t e r o l  l e v e l ,  a p p a r e n t l y  expand ing  the  body c h o l e s t e r o l  
p o o l .
K e l l e y  and T sa i  (15)  r epo r ted  t h a t  gum a r a b i c  im pa i red  d i e t a r y  
c h o l e s t e r o l  a b s o r p t i o n  but had no e f f e c t  on serum and t i s s u e  
c h o l e s t e r o l  l e v e l s ;  a p p a r e n t l y  gum a r a b i c  i n c r e a s e s  c h o l e s t e r o -  
genes i  s .
Gum a r a b i c  was noted  by Gohl and Gohl (16 )  to  cause  caeca l  
d i s t e n s i o n  i n  r a t s  and t o  r e t a r d  the  pa s sage  o f  b a r l e y  d i g e s t a ,  
r e s u l t i n g  in  i n c r e a s e d  faeca l  bu lk  and water con ten t  and in  the p ro -
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d u c t i o n  o f  l i g h t e r  s t o o l s .
K e l l e y  et  _al_. (17)  c a r r i e d  out f u r t h e r  s t u d i e s  on the  e f f e c t
o f  gum a r a b i c  on c h o l e s t e r o l  a b s o r p t i o n  in  r a t s .  They ob se rved  t h a t  
gum a r a b i c  dec rea sed  c h o l e s t e r o l  a b s o r p t i o n  and i n c r e a s e d  
c h o l e s t e r o l  b i o s y n t h e s i s  i n  r a t s  fed a c h o l e s t e r o l - c o n t a i n i n g  d i e t  
but had no e f f e c t  in  a c h o l e s t e r o l - f r e e  d i e t .  The c h o l e s t e r o l  t u r n ­
ove r  was u n a f f e c t e d .
In  1981, Mclean Ross  et  aj_. (18)  r e po r te d  i n d i c a t o r s  o f  b a c ­
t e r i a l  a c t i v i t y  i n  the  c o lon  and caecum, when gum a r a b i c  was i n c l u d ­
ed in  the  d i e t  o f  l a b o r a t o r y  r a t s .  They conc luded  t h a t  d e g r a d a t i o n
o f  gum a r a b i c  o c c u r s  i n  the  caecum and i s  a s s o c i a t e d  w i th  i n c r e a s e d  
methane and v o l a t i l e  f a t t y  a c i d  p r o a u c t i o n  and in  changes  i n  the  r e ­
l a t i v e  p r o p o r t i o n s  o f  f ae ca l  v o l a t i l e  f a t t y  a c i d s .
E l s e n h a n s  et  _al_. (19 )  c a r r i e d  out a s i m i l a r  s t u d y  to  t h a t  of
Mclean Ross  _et_ aj_. (18)  i n  1981. Young W i s t a r  r a t s  were fed gum 
a r a b i c  f o r  7 to  8 weeks a t  c o n c e n t r a t i o n s  o f  0%, 10%, 20% and 40% 
(w/w). Gum a r a b i c  i n c r e a s e d  the  smal l  i n t e s t i n a l  l e n g t h  by up to  
30% w i t h o u t  a l t e r i n g  the  mucosal p r o t e i n  and UNA per  u n i t  l e n g t h  and 
a l s o  i n c r e a s e d  caeca l  w e ig h t .  The i n c r e a s e  in  caeca! we igh t  i s  
p r o b a b l y  an i n d i c a t o r  o f  the a c c e s s i b i l i t y  o f  gum a r a b i c  to  m i c r o b i ­
al d e g r a d a t i o n  ( 1 9 ) .
Young W i s t a r  r a t s  were fed (20 )  gum a r a b i c  a t  c o n c e n t r a t i o n s  
o f  1%, 2%, 4%, 8% and 20% (w/w) (2 c o n t r o l  g r o u p s )  f o r  20 weeks.
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Body w e i g h t s ,  food and water consum pt ion ,  u r i n a l y s i s ,  l i v e r ,  k idney  
w e i g h t s ,  c l i n i c a l  c h e m i s t r y ,  haemato logy  and h i s t o l o g y  were s t u d i e d .  
No untoward e f f e c t s  were ob se rved  a t  l e v e l s  shown by c a l c u l a t i o n  to  
be below th o se  c a u s i n g  a d i e t a r y  im ba lance  i n v o l v i n g  p r o t e i n  d e f i ­
c i e n c y .  At top d o s e - l e v e l s ,  female r a t s  showed reduced k idney  
w e ig h t ,  caeca l  en la rgement  and changes  in  serum urea  and t o t a l  c a r ­
bon d i o x i d e .  The male r a t s  e x h i b i t e d  no d i f f e r e n c e s  compared w i th  
the  c o n t r o l  r a t s ,  a t  c o n c e n t r a t i o n s  up to  8 %, but food and water 
consum pt ion ,  body w e igh t ,  l i v e r  and k idney  w e ig h t s  a l l  d ec reased  
s i g n i f i c a n t l y .  There were no h i s t o l o g i c a l  changes  and no s i g n i f i ­
cant  changes  in  h a em ato lo g ic a l  paramete rs  noted  in  the r a t s  at  the  
top  dose  used .  The n o - u n t o w a r d - e f f e c t  c o n c e n t r a t i o n s  were 8 . 6% 
(5 . 2 g / k g / d a y )  and 18.1%  ( 1 3 .8 g /k g/ da y )  f o r  male and female r a t s  
r e s p e c t i v e l y  ( 2 0 ).
Mclean Ros s  _et aj_. (21)  repo r ted  a p r e l i m i n a r y  s tu dy  o f  the 
d i e t a r y  e f f e c t s  o f  gum a r a b i c  in  Man i n  1982. The gum appeared to  
be degraded  in  the human a l im e n ta r y  t r a c t  as a r e s u l t  o f  b a c t e r i a l  
a c t i o n .  Gum a r a b i c  i n g e s t i o n  appeared  t o  d ec rea se  serum c h o l e s t e r o l  
l e v e l s  but not f aeca l  we igh t  or  c o n s t i t u e n t s .  The main r e p o r t  o f  
t h i s  s t u d y  was p u b l i s h e d  in  1983 ( 2 2 ) .  I t  i n v o l v e d  the  a d m i n i s t r a ­
t i o n  o f  gum a r a b i c  to  male v o l u n t e e r s  on a normal d i e t  f o r  th ree  
weeks.  L i t t l e  e f f e c t  on g l u c o s e  t o l e r a n c e  o r  s t o o l  we ight  was noted 
but serum c h o l e s t e r o l  was dec rea sed .  There were no s i g n i f i c a n t  i n ­
c r e a s e s  i n  b i l e  a c i d s  or  n e u t r a l  s t e r o l s .  B rea th  hydrogen i n c r e a s e d  
o n l y  a f t e r  c h r o n i c  a d m i n i s t r a t i o n  o f  gum a r a b i c .  The gum co u ld  not 
be r ecove red  from s t o o l s ,  s u g g e s t i n g  complete d ec om p os i t io n  o f  gum
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a r a b i c .  Faeca l  wet w e igh t  and d ry  we igh t  i n c r e a s e d  s l i g h t l y .  The 
c h r o n i c  i n c r e a s e  in  hydrogen  e x c r e t i o n  s u g g e s t s  t h a t  b a c t e r i a l  meta ­
b o l i s m  may be a l t e r e d  by gum a r a b i c  e n t e r i n g  the  caecum.
F i f t y  male and f i f t y  female r a t s  and mice were g i v e n  2.5% and
5 . U% (w/w) gum a r a b i c  f o r  103 weeks.  No h i s t o p a t h o l o g i c a l  e f f e c t s  
were o b se rved  and th e re  were no d i f f e r e n c e s  in  s u r v i v a l  between c o n ­
t r o l  and t e s t  a n im a l s  ( 2 3 ) .
The co n t i n u e d  use o f  gum a r a b i c  in  f o o d s t u f f s ,  w o r l d -w id e ,  has 
been a s s u r e d  f o r  a t  l e a s t  the  immediate f u t u r e  as  a r e s u l t  o f  d e c i ­
s i o n s  ta ken  by the J o i n t  (FAU/WHU) Expe r t  Committee on Food A d d i ­
t i v e s  (JECFA) a t  i t s  meet in g  in  Rome in  May 1932 when gum a r a b i c  was 
p la ced  in  the c a t e g o r y  f o r  which the  a c c e p t a b l e  d a i l y  i n t a k e  (A D I )  
i s  ‘not s p e c i f i e d ' ,  a c l a s s i f i c a t i o n  awarded o n l y  to  s u b s t a n c e s  c o n ­
s i d e r e d  to  be ex t rem e ly  s a f e  t o x i c o l o g i c a l l y . The r e p o r t s  a v a i l a b l e  
f o r  e v a l u a t i o n  by JECFA i n c l u d e d  the  s u b - a c u te  t o x i c i t y  s t u d i e s  in  
l a b o r a t o r y  r a t s  and a s tu dy  o f  the  d i e t a r y  e f f e c t s  o f  gum a r a b i c  in  
Man c a r r i e d  out  i n  Ed inbu rgh  U n i v e r s i t y  under  i n d u s t r i a l  s p o n s o r s h i p  
(18 ,  2U -22)  and a l ong  term s tudy  o f  gum a r a b i c  in  r a t s  conducted  by 
the  Food and Drug A d m i n i s t r a t i o n  i n  the U . S .A .  ( 2 3 ) .
_V._1 (_d) Concl  u s i  on and aims
Most o f  the r e p o r t s  c i t e d  above have Deen concerned  w i th  the 
e f f e c t  o f  gum a r a b i c  on the  h e a l t h  o f  a n im a l s  and Man. I t  has been 
a s c e r t a i n e d  t h a t  gum a r a b i c ,  at the  c o n c e n t r a t i o n s  used in
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f o o d s t u f f s ,  i s  no t t o x i c  to  e i t h e r  a n im a l s  or  to  Man. The aims  o f  
the  work under taken  in  t h i s  p a r t  o f  the  T h e s i s  were:
( i )  t o  feed gum a r a b i c  to  r a t s ,  i n c o r p o r a t e d  in  (a )  a 
s t a n d a rd  smal l animal d i e t  and in  (b)  a low r e s i d u e  
e lemental  d i e t  in  o r d e r  to  attempt to  e x t r a c t  unde­
graded gum o r  d e g r a d a t i o n  p ro d u c t s  from f a e c e s .
( i i )  to  c a r r y  out p h y s i c o - c h e m i c a l  a n a l y s e s  o f  the  faeca l  
e x t r a c t s  o b ta in e d  to  dete rm ine  the  f a t e s  o f  the  gum 
a r a b i c  i n g e s t e d .
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V.2 METHODS AND MATERIALS
(1 )  A H  the an im a l s  used in  the  f o l l o w i n g  exp e r im en t s  were a d u l t  
W i s t a r  r a t s  p r o v id e d  by the  Animal U n i t ,  Western General  H o s p i t a l ,  
E d inb u rgh .
The gum a r a b i c ,  o b ta in e d  from Rowntree M a ck i n to sh  L t d . ,  York ,  
conformed in  a l l  r e s p e c t s  t o  the  B r i t i s h  Pharmacopoeia  s p e c i f i c a ­
t i o n s  and a l s o  t o  the  JECFA and EEC f o o d s t u f f s  s p e c i f i c a t i o n s  f o r  
gum a r a b i c  (E 414 )  ( 2 4 ) .
( i i ) Pi e t s
(a)  In  the  expe r im ent s  in  which a s t a n d a rd  S p r a t t s  ( S p i l l e r s )  
sma l l  animal d i e t  was used f o r  the  c o n t r o l  a n im a l s ,  gum a r a b i c  was 
i n c o r p o r a t e d  i n  s p e c i f i e d  amounts f o r  the  t e s t  a n im a l s .  In  a l l  
c a s e s ,  wate r was added t o  the  d i e t ,  o r  d i e t  p l u s  gum a r a b i c ,  to  p r o ­
duce a t h i c k  pa s te  in  o rd e r  to  m in im i s e  l o s s e s  due to  s c a t t e r i n g  
e t c .
(b)  Gum a r a b i c  was i n c o r p o r a t e d  i n t o  a low r e s i d u e ,  n u t r i ­
t i o n a l l y  comple te ,  e lemental  d i e t  ( " F l e x i c a l " ;  Mead Johnson  L a b o ra ­
t o r i e s ,  S l o u g h ) .  The b a s i c  d i e t  f o r  c o n t r o l  a n im a l s  c o n s i s t e d  of  
" F l e x i c a l "  powder ( 3 3 7 . 5g ) ,  g e l a t i n  ( 6 7 . 5g)  and wate r  (1238 m l ) ;  
the se  components  were mixed t o g e t h e r ,  poured i n t o  t r a y s  (3U) ana a l ­
lowed to  s e t .  Each r a t  was g i v e n  the  c o n te n t s  o f  one t r a y  per day.  
Fo r the t e s t  a n im a l s ,  gum a r a b i c  was added to  the above m ix tu re  in
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the  q u a n t i t i e s  s p e c i f i e d  below.
( i i i ) Feedi ng method
Tes t  r a t s  were fed a c o n t r o l  d i e t  (w i t h o u t  gum a r a b i c )  f o r  
t h r e e  d a y s ,  and a d i e t  supp lemented w i th  gum a r a b i c  in  the  s p e c i f i e d  
p r o p o r t i o n  f o r  a f u r t h e r  seven d a y s ;  t h i s  was f o l l o w e d  by a c o l l e c ­
t i o n  o f  f ae ce s  f o r  t h r e e  d a y s .  Con t ro l  r a t s  were fed the  r e s p e c t i v e  
d i e t  w i t h o u t  gum a r a o i c  f o r  seven d a y s ,  f o l l o w e d  Dy a c o l l e c t i o n  of  
f ae ce s  f o r  t h r e e  d a y s .  The food c o n t a i n e r s  were f i x e d  to  the  cages  
in  p o s i t i o n s  such  as to  m in im i se  the  c o n ta m in a t i o n  o f  f a e c e s  w i th  
uneaten food.
( i v ) Col l e c t i o n  o f  faece s
Faeces  were c o l l e c t e d ,  a a i l y  f o r  th re e  d a y s ,  i n t o  j a r s  con ­
t a i n i n g  d i s t i l l e d  water p l u s  c r y s t a l s  o f  thymol to  reduce b a c t e r i a l  
g rowth . The j a r s  were s t o r e d  in  a r e f r i y e r a t o r .  Care was ta ken  not 
to  c o l l e c t  f ae ce s  ob se rved  t o  be admixed w i th  s c a t t e r e d  food d e b r i s .
(v )  E x t r a c t i o n  method
The f a e c e s / d i s t i l l e d  water/thymol m i x tu re  c o n t a in e d  in  two 
s t o u t ,  p l a s t i c  bags ,  was put i n t o  a ' s t o m a c h e r 1 t o  g i v e  a m i x tu re  o f  
un i fo rm  c o n s i s t e n c y .  More d i s t i l l e d  wate r  was added ana the  m ix tu re  
was l e f t  o v e r n i g h t  in  the  co ld  room. The faeca l  m ix tu re  was c e n t r i ­
fuged f o r  20 m inute s  u s i n g  a 2L MSE M i s t r a l  c e n t r i f u g e  at  7UU0g.
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The s u p e r n a t a n t  was removed and d i a l y s e d  a g a i n s t  r u n n in g  tap water 
f o r  two days  and a g a i n s t  d i s t i l l e d  water f o r  a f u r t h e r  two da y s .  
H a l f  the  d i a l y s a t e  was f r e e z e - d r i e d .  The o t h e r  h a l f  o f  the  d i -  
a l y s a t e  was p r e c i p i t a t e d  w i th  4 vo lumes  o f  e thano l  c o n t a i n i n g  1% 
( v / v )  c o n c e n t r a t e d  HC1. I t  was l e f t  o v e r n i g h t  in the  r e f r i g e r a t o r .
The p r e c i p i t a t e  was vacuum f i l t e r e d  u s i n g  Whatman f i l t e r  pa ­
pers  No 41 and No 1, and washed w i th  e t h a n o l . The p r e c i p i t a t e  was 
d i s s o l v e d  in  d i s t i l l e d  wate r  and the  s o l u t i o n  d i a l y s e d  as  b e f o re .  
The d i a l y s a t e  was f r e e z e - d r i e d .
( v i ) A n a l y s i s  of  e x t r a c t s
The r e s u l t i n g  e x t r a c t s  were a n a l y s e d  u s i n g  some o f  the 
methods o u t l i n e d  i n  S e c t i o n  I I .
( v i i ) Summary o f  e xpe r im ents
(a )  A 5% (w / v )  aqueous s o l u t i o n  o f  gum a r a b i c  was p repared
and put t h rou gh  the  e x t r a c t i o n  p rocedu re  from the  d i a l y s i s  
s t a g e  onwards;
(b)  2U r a t s  were fed the  s t a nd a rd  d i e t  and the e lemental
d i e t  r e s p e c t i v e l y  and the  f aece s  o b ta ine d  were t r e a t e d  
as  in  ( v );
(c )  10 r a t s  were fed the  s t a n d a rd  d i e t  and the e lemental
d i e t  r e s p e c t i v e l y  and gum a r a b i c  was mixed w i th  the
41
r e s u l t a n t  f ae ce s  and r e - e x t r a c t e d  as in  ( v ) ;
(d)  u s i n g  the  s t a n d a rd  d i e t ,  gum a r a b i c  was fed to  two g r o u p s ,  
each o f  ID r a t s ,  at  c o n c e n t r a t i o n s  o f  ( i )  2 g /d a y / ra t  and
( i i )  4 g /d a y / ra t  and the  f ae ce s  o b ta in e d  were t r e a t e d  as  in  
( v ) ;
(e)  u s i n g  the  elementa l  d i e t ,  gum a r a b i c  was i n c o r p o r a t e d  at  
c o n c e n t r a t i o n s  o f  2 g /da y / ra t  f o r  a group  o f  20 r a t s  and
at l g / d a y / r a t  f o r  a g roup  o f  20 r a t s  and the  f aece s  o b ta in e d  
were t r e a t e d  as  in  ( v ) .
_V._3 RESULTS
The a n a l y t i c a l  da ta  f o r  gum a r a b i c  and the  faeca l  e x t r a c t s  ob ­
t a i n e d  from the  animal f e e d i n g  exp e r im en t s  a re  d e t a i l e d  in  Tab le s
V . l ,  V . 2, V.3  and V .4 .  F i g u r e s  V . l ,  V . 2 and V . 3 c o n t a i n  the  amino 
a c i d  p r o f i l e s  f o r :  the  f r e e z e - d r i e d  faeca l  e x t r a c t s  o b ta in e d  when 
r a t s  were fed the s t a n d a rd  d i e t  ( i )  a lon e  and ( i i )  i n c l u d i n g  gum 
a r a b i c  a t  2 g / d a y / ra t ;  gum a r a b i c ;  g e l a t i n  and the  f r e e z e - d r i e d  f a e ­
cal e x t r a c t s  o b ta ine d  when r a t s  were fed the e lementa l  d i e t  i n c l u d ­
in g  gum a r a b i c  a t  2 g/da y/ ra t  and I g / d a y / r a t  r e s p e c t i v e l y .
V .4 D ISCUSS ION
In  t h i s  s t u d y ,  gum a r a b i c  was i n c o r p o r a t e d  i n t o  two d i f f e r e n t
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d i e t s  which  were s u b s e q u e n t l y  fed to  a d u l t  W i s t a r  r a t s ;  1) a s t a n ­
dard  S p r a t t s  ( S p i l l e r s ) sma l l  animal  d i e t  c o n t a i n i n g  p r o t e i n ,  f a t ,  
m i n e r a l s ,  v i t a m i n s ,  c a r b o h y d r a t e  and f i b r e  and 2) a low r e s i d u e  e l e ­
mental d i e t  " F l e x i c a l " .
E lementa l  d i e t s  are s e m i - s y n t h e t i c  f i b r e - f r e e  l i q u i d  d i e t s  
c o n t a i n i n g  a f u l l  r ange  o f  b a s i c  n u t r i e n t s .  C a rbo hy d ra te ,  p r o t e i n  
and f a t  a re p re sen ted  to  the g a s t r o - i n t e s t i n a l  t r a c t  in  a form th a t  
does not r e q u i r e  i n t a c t  d i g e s t i v e  c a p a b i l i t i e s .  E lementa l  d i e t s  do 
not have an e f f e c t  on the  t y p e s  o f  b a c t e r i a  p r e s e n t  but d ec rea se  the 
o v e r a l l  b a c t e r i a l  mass p r e s e n t  i n  i n t e s t i n a l  c o n te n t s  and reduce 
s t o o l  w e ig h t  ( 2 5 ) .
P r e l i m i n a r y  expe r im ent s  were c a r r i e d  out  to  a s c e r t a i n  the  most 
e f f e c t i v e  methods c o n c e rn in g  (1)  the  p r e p a r a t i o n  and mode o f  p r e s e n ­
t a t i o n  o f  the  d i e t s ,  w i t h  and w i t h o u t  gum a r a b i c ,  to the  r a t s  (2)  
the  c o l l e c t i o n  o f  f ae ce s  and (3)  the  e x t r a c t i o n  o f  gum a r a b i c  from 
f a e c e s .
For the  p u rpo se s  o f  com pa r i son ,  e x t r a c t s  were i s o l a t e d ,  a f t e r  
the i n i t i a l  d i a l y s i s  s t a g e ,  by two methods;  ( i )  by p r e c i p i t a t i o n  
w i th  a c i d i f i e d  ethano l  and ( i i )  by f r e e z e - d r y i n g .
The s t a nd a rd  d i e t  was used i n  the f i r s t  s e t  o f  e xp e r im e n t s .
Gum a r a b i c  was t r e a t e d  in  the  same manner as f ae ce s  and the y i e l d  
was 82%. L o s s e s  were l i k e l y  t o  have o c c u r re d  because  o f  the  l e n g th y  
p rocedure  i n v o l v e d  in the t re a tm en t .  When gum a r a b i c  was mixed w i th
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c o n t r o l  f a e c e s  and r e - e x t r a c t e d ,  o n l y  56% gum ara tr ic  was r e co ve red .  
T h i s  r a t h e r  low y i e l d  may be accounted  f o r  by the  mechan ica l  l o s s e s  
i n v o l v e d  in  e x t r a c t i n g  the  gum from f a e c e s ,  the  h o m o gen i s a t i o n  and 
c e n t r i f u g a t i o n  s t a g e s ,  and by the  p o s s i b i l i t y  o f  gum a r a b i c  d e g r a d a ­
t i o n  ha v in g  ta ken  p la ce  when the  gum was in  c o n t a c t  w i th  f ae ca l  b a c ­
t e r i a .
The a n a l y t i c a l  da ta  f o r  r e - e x t r a c t e d  gum a r a b i c  were compared 
w i th  t h o s e  f o r  gum a r a b i c  a l o n e  in  Tab le  V . l .  The ash  c o n t e n t s  were 
s i m i l a r  w i th  v a l u e s  o f  2.9% and 3.6% and 3.4% and 3 .7% ;  the n i t r o g e n  
c o n t e n t s  i n c r e a s e d  from 0.29% and 0.24%  to  0 .98%  and 1.50%; i n t r i n ­
s i c  v i s c o s i t i e s  i n c r e a s e d  from 16 mlg~ *  and 17mlg"^ to  26 m lg~ *  and 
33 m lg "^  and the  s p e c i f i c  r o t a t i o n s  dec rea sed  from -29°  and - 29°  to  
-26°  and - 24° .
The n i t r o g e n  c o n te n t s  o f  r e - e x t r a c t e d  gum a r a b i c  would be e x ­
pected t o  i n c r e a s e  due t o  b a c t e r i a l  d e b r i s  and gut m u cop ro te in s  
p r e s e n t  in  f a e c e s .  The i n c r e a s e d  i n t r i n s i c  v i s c o s i t i e s  and de ­
c rea sed  s p e c i f i c  r o t a t i o n s  p r o b a b l y  a r o s e  because  the  r e - e x t r a c t e d  
gum a r a b i c  was a s s o c i a t e d  w i th  i m p u r i t i e s .
C on t ro l  f ae ce s  (Tab le  V . 2) gave e x t r a c t s  ( t o t a l  we igh t  1 .7g )  
o f  h i gh  ash  co n te n t  ( 6 . 2 % ) ,  h i g h  n i t r o g e n  c o n te n t s  (6 . 01%  and 
8 . 3 4 % ) ,  h i g h  i n t r i n s i c  v i s c o s i t y  (160 m l g " * )  and h i g h l y  p o s i t i v e  
s p e c i f i c  r o t a t i o n .  I t  was not p o s s i b l e  to  o b t a i n  an exa c t  v a lu e  f o r  
the  s p e c i f i c  r o t a t i o n  because o f  the  c l o udy  s o l u t i o n  o b ta in e d  w i th  
t h i s  e x t r a c t .
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TABLE V.1 : A n a l y t i c a l  data  f o r  ( i ) qum a r a b i c  and ( i i )  gum
a r a b i c  mixed w i th f ae ce s and r e - e x t r a c t e d  ( r a t s
fed the s t a n d a rd d i e t ) .
(1 ) ( i i )
GUM ARABIC FAECAL EXTRACTS 
(gum a r a b i c )
AP FD AP FD
T ota l  y i e l d ,  % 82 56
M o i s t u r e ,  % 10.5 11.1 4.1 6 . 4
Ash ,  %a 2.9 3 .8 3 . 4  3 .7
N i t r o g e n ,  %a 0 .29 0 .24 0 .98  1.50
I n t r i n s i c  
v i s c o s i t y ,  m l g " 1 16 17 26 33
S p e c i f i c  r o t a t i o n , 3 
deg rees -29 -29 -26  -24
F o o tno te s  : a = c o r r e c t e d  f o r  m o i s t u r e  c o n te n t
AP = p r e c i p i t a t e d  w i th  4 volumes  o f  e thano l  c o n t a i n i n g
]% ( v / v )  c o n c e n t r a t e d  HC1
FD = f r e e z e - d r i e d
45
TABLE V.2  : A n a l y t i c a l  data  f o r  ( i )  f a e c a l  e x t r a c t s  from c o n t r o l  r a t s
fed the s t a n d a rd  d i e t  ( i i )  t e s t  r a t s  fed  w i th  gum a r a b i c  






(Gum a r a b i c  a t  
2 g / d a y / ra t )
TEST FAECAL 
EXTRACTS 
(Gum a r a b i c  a t  
4 g / d a y / r a t )
AP FD AP FD AP FD
T o ta l  w e ig h t  of- 
e x t r a c t s  (g ) 1.7 2. 1 2. 0
M o i s t u r e ,  % 1 0 .7 * 10.1
★
10.7 12.9 1 0 . 7 * 9 .0
Ash ,  %a nd 6 .2 nd 4 .5 nd 4 .6
N i t r o g e n ,  %a 6.01 8 .34 6.60 10 .87 8.82 10 .34
I n t r i n s i c  v i s c o s i t y 9 
ml g “ 1 nd 160 265. 180 135 130
S p e c i f i c  r o t a t i o n 9 
deg rees nd
H i g h l y  
p o s i t i v e  nd
H i g h l y
p o s i t i v e nd
H i g h l y  
p o s i  t i  ve
Fo o tno te s  : a = c o r r e c t e d f o r  m o i s t u r e co n te n t
AP = p r e c i p i t a t e d  w i th  4 volumes  o f  e than o l  c o n t a i n i n g
Mo ( v / v )  c o n c e n t r a t e d  HC1
FD = f r e e z e - d r i e d
nd = no t  done due to l a c k  o f  sample
*  = e s t im a ted
46
The a n a l y t i c a l  da ta  f o r  the  t e s t  f aeca l  e x t r a c t s  i s o l a t e d  when 
yum a r a b i c  was i n c o r p o r a t e d  in  the  s t a n d a rd  d i e t  a t  2 g / d a y / ra t  and 
4 g / d a y / ra t  a re  d e t a i l e d  in  Tab le  V .2 .  N i t r o g e n  c o n te n t s  (6 .6U%, 
10.87% and 8 .82% ,  10 .34% )  and i n t r i n s i c  v i s c o s i t i e s  (265 m l g ” 1 ,
180 mly and 135 m ly - 1 , 130 inly" ' * ' ) r e s p e c t i v e l y ,  were g r e a t e r  than 
t h o s e  (T ab l e  V . l )  f o r  r e - e x t r a c t e d  gum a r a b i c  ( n i t r o g e n  c o n t e n t s ,  
0 .98% ,  1.50% and i n t r i n s i c  v i s c o s i t i e s  26 mlg"* " ,  33 inly" '* ' ) but s i m i ­
l a r  t o  the  v a l u e s  f o r  the  c o n t r o l  f ae ca l  e x t r a c t s  ( n i t r o y e n  c o n te n t s  
6 .01%,  8 .34% and i n t r i n s i c  v i s c o s i t y  160 m l g " 1 ) .  I t  was not p o s s i ­
b le  t o  o b t a i n  exac t  v a l u e s  f o r  the s p e c i f i c  r o t a t i o n s  f o r  the  t e s t  
f ae ca l  e x t r a c t s  due to  the  c l o u d i n e s s  o f  the  r e s u l t a n t  m i x t u r e ,  but 
t h e i r  o p t i c a l  r o t a t i o n s  were h i g h l y  p o s i t i v e  and s i m i l a r  to  t h a t  o f  
the  c o n t r o l  f ae ca l  e x t r a c t .
The t o t a l  w e i g h t s  o f  e x t r a c t s  i s o l a t e d  in  a l l  t h r e e  c a se s  
from; f ae ce s  a l o n e  and f ae ce s  where gum a r a b i c  was i n c o r p o r a t e d  in  
the d i e t  at  2 g/da y/ ra t  and 4 y / d ay / ra t  were s i m i l a r  ( 1 . 7 y ,  2 . 1 y and 
2 .0g  r e s p e c t i v e l y ) .
Guiti a r a b i c  and the  faeca l  e x t r a c t s  o b ta in e d  when r a t s  were fed 
the  s t a n d a rd  d i e t  ( i )  a l o n e  and ( i i )  i n c l u d i n g  gum a r a b i c  at  
2 g / d a y / ra t ,  were subm it ted  to  amino a c i d  a n a l y s i s ;  the r e s u l t i n g  
p r o f i l e s  a re  compared in  F i g u r e s  V . l  and V .2 .  The t h r e e  major amino 
a c i d s  in  ( i )  were a l a n i n e ,  g l u t a m ic  a c id  and a s p a r t i c  a c i d  and in  
( i i )  were a s p a r t i c  a c i d ,  a l a n i n e  and g l u t a m ic  a c i d .  No major 
d i f f e r e n c e s  were found between th e se  two p r o f i l e s  which a re  ve ry  
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ainino a c i d s  a re  h y d ro x y p ro l  i n e ,  s e r i n e  and p r o l i n e .  I t  was im po r ­
t a n t  t o  no te  t h a t  the  p rom inent  h y d r o x y p r o l i n e  peak in  the  p r o f i l e  
o f  gum a r a b i c ,  i s  a b sen t  in  the p r o f i l e  o f  the  t e s t  f a e ca l  e x t r a c t  
and ve r y  smal l  in  the  p r o f i l e  o f  the  c o n t r o l  f a e ca l  e x t r a c t .
These r e s u l t s  i n d i c a t e  t h a t  gum a r a b i c  was degraded on i n c o r ­
p o r a t i o n  i n t o  a s t a n d a rd  d i e t  fed to  r a t s ,  i r r e s p e c t i v e  o f  the  dose  
l e v e l s  used here .
The elementa l  d i e t  " F l e x i c a l "  was used in  the  second s e t  o f  
e xp e r im e n t s .  Gum a r a b i c ,  t r e a t e d  in  the  same manner as  f a e c e s ,  gave 
a y i e l d  o f  82%. L o s s e s  were l i k e l y  to  have o c cu r red  due to  the 
l e n g t h y  p rocedu re  i n v o l v e d  i n  the  t re a tm en t .  When gum a r a b i c  was 
mixed w i th  c o n t r o l  f ae ce s  and e x t r a c t e d ,  the y i e l d  was 65%. The low 
y i e l d  may be accounted  f o r  by the  mechan ica l  l o s s e s  i n v o l v e d  i n  e x ­
t r a c t i n g  the  gum from f a e c e s ,  the hom o gen i sa t io n  and c e n t r i f u g a t i o n  
s t a g e s ,  and by the  p o s s i b i l i t y  o f  gum a r a b i c  d e g r a d a t i o n  h a v in g  t a k ­
en p l a ce  when the gum was in  c o n t a c t  w i th  f ae ca l  b a c t e r i a .
The a n a l y t i c a l  da ta  f o r  r e - e x t r a c t e d  gum a r a b i c  were compared 
w i th  t h o s e  f o r  gum a r a b i c  a l o n e  in  Tab le  V . 3. The ash  c o n te n t s  were 
s i m i l a r  w i t h  v a l u e s  o f  2.9% and 3.8% and 3.0% and 3 .4% ;  n i t r o g e n  
c o n te n t s  i n c r e a s e d  from 0.29%  and 0.24%  to 0 .33%  and 0 .72% ;  i n t r i n ­
s i c  v i s c o s i t i e s  i n c r e a s e d  from 16 ml g  ̂ and 17 rnlg-1 to  20 m lg” 1 and 
19 m l g ~ ^ ; s p e c i f i c  r o t a t i o n s  dec reased  from -29°  and -29°  to  -27° 
and -27°  and the  m o le c u l a r  w e ig h t s  dec rea sed  from 1.0  x 10b and 0.9  
x 10b to  0 .5  x 10fa and 0 .5  x 10b .
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TABLE V . 3 : A n a l y t i c a l  da ta  f o r  ( i )  gum a r a b i c  and ( i i )  gum a r a b i c  mixed
w i th  f ae ce s  and r e - e x t r a c t e d  ( r a t s  fed  the e lementa l  d i e t ) .
GUM ARABIC FAECAL EXTRACTS
(gum a r a b i c )
AP FD AP FD
T ota l  y i e l d ,  % 82 65
M o i s t u r e ,  % 10.5 11.1 7.7 6 . 4
Ash,  %a 2 .9 3 .8 3.0 3 .4
N i t r o g e n ,  %a 0.29 0 .24 0.33 0 .72
I n t r i n s i c  _ 
v i s c o s i t y ,  mlq 16 17 20 19
S p e c i f i c  r o t a t i o n  
d e g r e e s 3 -29 -29 -27 1 ro
M o l e c u l a r  w e igh t  
TOW x 106 a 1.0 0 .9 0.5 0 .5
F o o tno te s  : a = c o r r e c t e d  f o r  m o i s t u r e  c o n te n t
AP = p r e c i p i t a t e d  w i th  4 volumes o f  e thano l  c o n t a i n i n g
\% ( v / v )  c o n c e n t r a te d  HC1
FD = f r e e z e - d r i e d
51
The i n c r e a s e d  n i t r o g e n  c o n te n t s  were a r e s u l t  o f  c o n t a m in a t i o n  
from n i t r o g e n o u s  m a te r i a l  a l r e a d y  p r e s e n t  in  f a e c e s .  The dec rea sed  
s p e c i f i c  r o t a t i o n s  and more p a r t i c u l a r l y  dec rea sed  m o le c u l a r  w e ig h t s  
i n d i c a t e  some form o f  gum a r a b i c  d e g r a d a t i o n  which  c o u ld  p o s s i b l y  
have a r i s e n  from c o n ta c t  w i th  f a e ca l  b a c t e r i a .
Con t ro l  fae.ces were e x t r a c t e d  and y i e l d e d  m a te r i a l  ( t o t a l  
w e igh t  0 . 2 g )  which was a n a l y s e d  as  f a r  as  p o s s i b l e ;  the r e s u l t s  are 
shown i n  Tab le  V .4 .  The n i t r o g e n  c o n te n t s  ( 1U .57% and 12 .07%)  and 
i n t r i n s i c  v i s c o s i t y  (15U mlg" ' * ' )  were h i g h  compared to  t h o s e  f o r  r e -  
e x t r a c t e d  gum a r a b i c  (T ab le  V . 3 ) .
Cum a r a b i c  was i n c o r p o r a t e d  in  the  e lemental  d i e t  at  a dose 
l e v e l  o f  2 g / d a y / ra t .  M a t e r i a l  ( t o t a l  we igh t  3 . 0 g )  i s o l a t e d  from 
faece s  was a n a l y s e d  and the  data  (Tab le  V .4 )  compared w i th  t h o s e  f o r  
r e - e x t r a c t e d  gum a r a b i c  (Tab le  V . 3 ) .  Ash c o n t e n t s  were s i m i l a r  w i th  
v a l u e s  o f  3.U% and 3.4% and 3.6% and 3 .1%; n i t r o g e n  c o n t e n t s  i n ­
c r ea sed  from 0.33%  to  0.68%  and d ec rea sed  s l i g h t l y  from 0.72%  to
0 .69% ;  i n t r i n s i c  v i s c o s i t i e s  dec reased  s l i g h t l y  from 20 m l g " 1 and 19 
m lg ”  ̂ to  14 m lg -  ̂ and 15 m lg - '*'; s p e c i f i c  r o t a t i o n s  dec rea sed  s l i g h t ­
l y  from - 27 °  and -27°  to  - 2 2 °  and -22°  and m o le c u l a r  w e ig h t s  de-
c h
c rea sed  s l i g h t l y  from 0 .5  x 10 and 0 .5  x 10 to  0 .4  x 10 ana 0 .3  x
Cum a r a b i c  was then i n c o r p o r a t e d  in  the elementa l  d i e t  at  a 
reduced dose  l e v e l  o f  l g / d a y / r a t .  M a t e r i a l  ( t o t a l  we ight  1 .4 g )  e x ­
t r a c t e d  from faece s  was a n a l y s e d  and the da ta  a re  shown in  Tab le
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TABLE V.4  : A n a l y t i c a l  da ta  f o r  f a e c a l  e x t r a c t s  from r a t s  fed  the 
e lementa l  d i e t ,  a l o n e  and w i th  gum a r a b i c  i n c o r p o r a t e d , 







(Gum a r a b i c  a t  
2 g / d a y / r a t )
TEST FAECAL 
EXTRACTS 
(Gum a r a b i c  a t  
1q / d a y / ra t )
FD AP FD AP FD
T ota l  w e ig h t  o f
e x t r a c t s  (g ) 0 .2 3 .0 1.4
M o i s t u r e ,  % 1 2 .1 *
★
12.1 10.9 12.6 1 2 . 1 * 12.9
Ash ,  %a nd+ nd+ 3.6 3.1 nd+ 4 .5
N i t r o g e n ,  %a 10.57 12.07 0 .68 0.69 6.90 10.10
I n t r i n s i c  v i s c o s i t y  
ml g _1a nd+ 150 14 15 240 250
S p e c i f i c  r o t a t i o n  
d e g r e e s ,  a nd+ nd+ -22 -22 nd+ nd
M o l e c u l a r  w e igh t  
x 106a nd+ nd+ 0 .4 0 .3 nd+
,++
nd






p r e c i p i t a t e d  w i th  4 volumes o f  e thano l  c o n t a i n i n g  
Mo ( v / v )  c o n c e n t r a te d  HC1
f r e e z e - d r i e d
no t  done due to  l a c k  o f  sample
not done due to  c l o u d i n e s s  o f  s o l u t i o n s
e s t im a te d
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V .4 .  The n i t r o g e n  c o n te n t s  (6 . 90%  and 10 .90%) and i n t r i n s i c  
v i s c o s i t i e s  (240 m l y ” '*’ and 250 m l g " ' 1") were ve r y  d i f f e r e n t  from th o se  
f o r  the  f a e ca l  e x t r a c t s  o b ta in e d  when guni a r a b i c  was i n c o r p o r a t e d  in  
the  d i e t  at  2 g /da y / ra t  (Tab le  V .4 )  but were s i m i l a r  t o  the  da ta  f o r  
the  c o n t r o l  f a e ca l  e x t r a c t s  ( n i t r o g e n  c o n te n t s  10 .57% and 12.07% and 
i n t r i n s i c  v i s c o s i t y  150 m lg - 1 ).
When gum a r a b i c  was i n c o r p o r a t e d  in  the elementa l  d i e t  at  a 
dose  l e v e l  o f  2 g / d a y / ra t ,  the  f aeca l  e x t r a c t s  i s o l a t e d  (Tab le  V.4)  
appeared t o  be p a r t i a l l y  degraded gum a r a b i c .  H a l v i n g  the  dose  l e v ­
el o f  gum a r a b i c  t o  l g / d a y / r a t  produced faeca l  e x t r a c t s  g i v i n g  
a n a l y t i c a l  da ta  (Tab le  V .4 )  d i f f e r e n t  from th o s e  f o r  gum a r a b i c  
(Tab le  V .3 )  and from th o se  f o r  the  a p p a r e n t l y  p a r t i a l l y  deg raded  gum 
a r a b i c .  The d i f f e r e n c e  in  w e i y h t s  between the  c o n t r o l  f aeca l  e x ­
t r a c t s  ( t o t a l  we igh t  0 . 2 g )  and the  t e s t  f ae ca l  e x t r a c t s  ( t o t a l  
we igh t  1 . 4 y )  where the  gum a r a b i c  dosage  used was l g / d a y / r a t ,  was 
c o n s i d e r e d  to  be due t o  the  p re sence  o f  gum a r a b i c  d e g r a d a t i o n  p r o ­
du c t s  in  f a e c e s .
bum a r a b i c ,  g e l a t i n  and the  f aeca l  e x t r a c t s  o b ta in e d  when yum 
a r a b i c  was i n c o r p o r a t e d  in  the  e lemental  d i e t  at  (1)  2 g/da y/ ra t  and 
(2 )  l g / d a y / r a t  were subm it ted  to  amino a c id  a n a l y s i s .  The p r o f i l e s  
a re  shown i n  F i g u r e s  V.2 and V.3.  The t h r e e  major amino a c i d s  in  
gum a r a b i c  were h y d r o x y p r o l i n e ,  s e r i n e ,  and p r o l i n e ,  in g e l a t i n  were 
p r o l i n e ,  g l y c i n e  and h y d r o x y p r o l i n e ;  i n  the  f ae ca l  e x t r a c t  from (1)  
were h y d r o x y p r o l i n e , s e r i n e  and t h r e o n i n e ;  and in  the  f aeca l  e x t r a c t  
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a c id  p r o f i l e  f o r  g e l a t i n  showed t h a t  the  i n c r e a s e d  n i t r o g e n  con ten t  
o f  the  f a e ca l  e x t r a c t s  was no t  due t o  u n d i g e s t e d  g e l a t i n .  The 
predominant  amino a c i d s  in  both gum a r a b i c  and the  f aeca l  e x t r a c t  
from (1) were h y d r o x y p r o l i n e  and s e r i n e .  However, the  p rominent  hy -  
d r o x y p r o l i n e  peak i n  gum a r a b i c  was reduced by a p p r o x im a t e l y  50% in 
th e  f a e ca l  e x t r a c t  from (1)  and was ve ry  smal l  i n  the  f aeca l  e x t r a c t  
from ( 2 ) .
The amino a c i d  i n f o r m a t i o n  a l s o  i n d i c a t e s  t h a t  the d e g r a d a t i o n  
o f  gum a r a b i c  i n c l u d e d  i n  the  elementa l  d i e t  appea r s  to  be d o se -  
r e l a t e d .
A n a l y t i c a l  da ta  f o r  the m a t e r i a l  i s o l a t e d  by p r e c i p i t a t i o n  
w i th  a c i d i f i e d  e thano l  d i d  not d i f f e r  a p p r e c i a b l y  from th o s e  f o r  the  
f r e e z e - d r i e d  m a t e r i a l .  One c o n s i s t e n t  f e a t u r e  was t h a t  the n i t r o g e n  
c o n t e n t s  o f  the  f ae ca l  e x t r a c t s  tended  t o  be g r e a t e r  in  the  f r e e z e -  
d r i e d  m a t e r i a l  due to  the f a c t  t h a t  the a c i d i f i e d  e thano l  p r e c i p i ­
t a t e s  would be expected  t o  be l e s s  contam ina ted  w i th  i m p u r i t i e s  than  
the f r e e z e - d r i e d  e x t r a c t s .
I t  has been r e po r te d  t h a t  guru a r a b i c  i s  deg raded  by c o l o n i c  
b a c t e r i a  (18,  21, 2 2 ) .  Gum a r a b i c  a l s o  appea r s  to  be deg raded  by 
ra t  f ae ca l  b a c t e r i a .
S imp le  s u g a r s  and d i s a c c h a r i d e s  a re  ab sorbed  e f f i c i e n t l y  as 
they  pa s s  t h rou gh  the smal l  i n t e s t i n e .  So i t  i s  l i k e l y  t h a t  the ma­
j o r  s o u r c e s  o f  ca rbon  and energy  f o r  s a c c h a r o l y t i c  c o l o n i c  b a c t e r i a
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are  complex c a r b o h y d r a t e s . These i n c l u d e  complex c a r b o h y d r a t e s  p r o ­
duced by h o s t s  such  as  mucin ( s a l i v a ) ,  mucin produced  by g o b l e t  
c e l l s  l i n i n g  the  i n t e s t i n e ,  c e l l  s u r f a c e  g l y c o p r o t e i n s  from s lo ugh ed  
e p i t h e l i a l  c e l l s  and complex c a r b o h y d r a t e s  from the  d i e t  such as  gum 
a r a b i c  ( 2 6 ) .
The s t r a i n s  o f  a n a e r o b i c  b a c t e r i a  found to  ferment  the  w id e s t  
range  o f  p o l y s a c c h a r i d e  s u b s t r a t e s  a re  in  the two genera  B a c t e r o i d e s  
and B i f i d o b a c t e r i u r n . Gum a r a b i c  i s  known to  be fe rmented by s t r a i n s  
o f  B i f i d o b a c t e r i u m  ( 2 7 , 2 8 ) .
Under normal c i r c u m s t a n c e s ,  the i n t e s t i n a l  t r a c t ,  on a s t a n ­
dard  d i e t ,  c o n t a i n s  a r a p i d l y  g row ing  and m e t a b o l i s i n g  m i c r o b i a l  p o ­
p u l a t i o n  o f  h i g h  d e n s i t y ,  which i s  n o u r i s h e d  and s u s t a i n e d  by a c o n ­
t i n u o u s  s u p p l y  o f  n u t r i e n t s  d e r i v e d  both from i n g e s t e d  food and from 
body s e c r e t i o n s .  The i n t e s t i n a l  m i c r o f l o r a  p o p u l a t i o n  may i n c l u d e  
b a c t e r i a l  t y p e s  t h a t  can both s y n t h e s i s e  and u t i l i s e  n u t r i e n t s  and 
hence can e x e r t  a s i g n i f i c a n t  i n f l u e n c e  on the  n u t r i t i o n a l  r e q u i r e ­
ments o f  the  h o s t .  These b a c t e r i a  adhere to  the  i r r e g u l a r  m o i s t  i n ­
t e s t i n a l  wa l l  in  l a r g e  numbers and s e r v e  as  an inocu lum f o r  each new 
s u p p l y  o f  s u b s t r a t e  e n t e r i n g  the  i n t e s t i n a l  t r a c t .  The o r ga n i sm s  
t h a t  s u r v i v e ,  d i e  and m u l t i p l y  a re  governed ,  to  a l a r g e  e x t e n t ,  by 
the  c o m p o s i t i o n  o f  the  s u b s t r a t e  and by the  env i ronment  t h a t  the  m i ­
c robe s  t h em se lve s  produce ( 2 9 ) .
In  an e lemental  d i e t  the  s i t u a t i o n  i s  changed. The q u a n t i t y  
o f  n u t r i e n t s  r e a c h i n g  the b a c t e r i a  in  the  i n t e s t i n a l  t r a c t  w i l l  be
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reduced c a u s i n g  a d ec rea se  in  the  s u r v i v a l  r a te  o f  the  m i c r o ­
o r g a n i s m s .  T h i s  would lead  t o  reduced b a c t e r i a l  mass .  The d e ­
c r e a s e  in  the  b a c t e r i a l  p o p u l a t i o n  w i l l  le ad  to  the reduced u t i l i s a ­
t i o n  o f  n u t r i e n t s .  T h i s  would p r o v i d e  an e x p l a n a t i o n  f o r  the  d o se -  
r e l a t e d  e f f e c t  on the  e x t e n t  o f  d e g r a d a t i o n  o f  gum a r a b i c  when in  
c o r p o r a te d  i n t o  the  e lementa l  d i e t  “F l e x i c a l " .
The expe r im ent s  undertaken  w i th  gum a r a b i c  and re p o r te d  in  
t h i s  T h e s i s  were completed i n  1983. F u r t h e r  s t u d i e s  have been com­
p le t e d  and p u b l i s h e d  by o th e r  wo rke r s  s i n c e  t hen ,  as o u t l i n e d  below.
Mclean Ross  et_ aJL (30)  have con f i rm ed  t h a t  gum a r a b i c  d e g r a ­
d a t i o n  t a k e s  p l a c e  in  the r a t  caecum. When gum a r a b i c  was i n c o r ­
po ra ted  in  the  r a t ' s  d i e t ,  i t  was p o s s i b l e  t o  p r e c i p i t a t e  gum a r a b i c  
u s i n g  a c i d i f i e d  e t h a n o l ,  a l o n g  the g a s t r o - i n t e s t i n a l  t r a c t  as f a r  as  
the  te rm in a l  i leum;  but none however, was found in  the  caecum, c o lon  
o r  rectum. Measurements o f  methane and hydrogen  in  the  e x p i r e d  
b rea th  and o f  v o l a t i l e  f a t t y  a c i d s  a re  i n d i c e s  o f  m e t a b o l i c  a c t i v i t y  
i n  the  l a r g e  i n t e s t i n e .  A l l  r a t s  from the age o f  3 months produce 
methane i n  t h e i r  e x p i r e d  b rea th  and hydrogen i s  e xc re te d  t h ro u g h o u t  
t h e i r  l i f e t i m e .  Caecectomy a b o l i s h e d  hydrogen p r o d u c t i o n  which i n ­
d i c a t e d  t h a t  the  caecum i s  the  major s i t e  o f  b a c t e r i a l  a c t i v i t y .  
Caecectomy r e s u l t e d  in  the  l o s s  o f  th e se  b a c t e r i a  and hence t h e re  
was no gum a r a b i c  d e g r a d a t i o n  ( 3 0 ) .
A d u l t  male and female r a t s  were fed a s y n t h e t i c  d i e t  c o n t a i n ­
i n g  10% gum a r a b i c  o r  c e l l u l o s e .  There were i n c r e a s e d  c o n c e n t r a -
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t i o n s  o f  t o t a l  v o l a t i l e  f a t t y  a c i d s  ( a c e t a t e ,  p ro p i o n a t e  and bu- 
t y r a t e )  in  c aeca l  f l u i d  and h e p a t i c  p o r t a l  venous  plasma o f  both 
s e x e s .  T h i s  i n c r e a s e  was a r e s u l t  o f  s u b s t a n t i a l  f e rm e n ta t i o n  in  
the  l a r g e  bowel ( 3 1 ) .
M a l l e t t  _et aj_. (32)  r e po r te d  t h a t  yum a r a b i c  (5Ug/kg d i e t )  
g i v e n  t o  w e a n l i n g  r a t s  f o r  4 weeks caused  an i n c r e a s e  in  the  we igh t  
o f  caeca l  wa l l  and caeca l  c o n t e n t s  ana a l s o  i n c r e a s e d  the  a c t i v i t y  
o f  c e r t a i n  b a c t e r i a l  enzymes e . g .  n i t r o  r e d u c ta s e  and n i t r a t e  
r e d u c t a s e ,  i n d i c a t i n g  t h a t  enzyme i n d u c t i o n  was t a k i n g  p l a c e .  Con­
n i n g  et  aj_. (33)  a l s o  ob se rved  t h a t  when r a t s  had gum a r a b i c  i n c o r ­
po ra ted  in  a f i b r e - f r e e  d i e t ,  caeca l  s i z e  and the a c t i v i t i e s  o f  
r e d u c ta s e  enzymes i n c r e a s e d .
These r e p o r t s  dem onst ra te  t h a t  gum a r a b i c  i n f l u e n c e s  the meta­
b o l i c  a c t i v i t y  o f  r a t  caeca l  m i c r o f l o r a .
V_._5 CONCLUSIONS
(1 )  Gum a r a b i c  was degraded on i n c o r p o r a t i o n  in  the 
s t a n d a rd  d i e t  a t  dose  l e v e l s  o f  2 g/day/ ra t  and 
4 g / d a y / r a t .
(2 )  Gum a r a b i c  was p a r t i a l l y  deg raded  on i n c o r p o r a t i o n  in 
the  elementa l  d i e t  " F l e x i c a l "  g i v e n  to  r a t s  at  a dose 
l e v e l  o f  2 y/day/ ra t  and deyraded more e x t e n s i v e l y  at a 
reduced dose l e v e l  ( l g / d a y / r a t ) .
Gum a r a b i c  mixed w i th  f ae ce s  from r a t s  fed the 
elementa l  d i e t  “F l e x i c a l "  was p a r t i a l l y  deg raded  by 
f aeca l  b a c t e r i a .
The d i f f e r e n t  r e s u l t s  o b ta in e d  wnen yum a r a b i c  was 
i n c o r p o r a t e d  i n t o  s t a n d a rd  and e lemental  d i e t s  i n d i c a t e  
the im portance  o f  the  type  o f  d i e t  and d o s e - l e v e l  used i 
animal  d i e t a r y  s t u d i e s .
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SECTION _VI_
ANALYTICAL ATTEMPT TO ESTABLISH  
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U . l  INTRODUCTION 
VI . 1 ( a )  Gum kara.ya
Gum karaya  i s  d e f i n e d  f o r  t r a d e  and l e g i s l a t i v e  p u rpo se s  as  
the  d r i e d  gummy exudate  from S t e r c u l i a  s p e c i e s  ( F am i l y  S t e r c u -  
1 i a c e a e ) , a f a m i l y  o f  d e c id u o u s  t r e e s  g row ing  in  the d ry  e le v a t e d  
r e g i o n s  o f  North and Cent ra l  I n d i a ,  Ch ina ,  I n d o c h in a ,  Sudan, A u s ­
t r a l i a ,  Senegal  and New Gu inea.
Gum ka raya  exudes n a t u r a l l y ,  but most o f  i t  i s  produced  com­
m e r c i a l l y  i n  I n d i a  in  r e sp o n se  to  t r e e  t a p p in g  p ro c e d u re s .  The gum 
i s  produced  r a p i d l y ,  most o f  i t  in  about a day.  The major I n d i a n  
c o n t r i b u t i n g  s p e c i e s  a re  S t e r c u l i a  u ren s  and S t e r c u l i a  v i 11o s a ; ve r y  
smal l  q u a n t i t i e s  o f  gum are o b ta ine d  from S t e r c u l i a  s e t i g e r a  in  
A f r i c a  ( 1 ) .  I t  has been e s t a b l i s h e d  t h a t  the  gum e xu da te s  from 
t h e se  t h r e e  s p e c i e s  a re  ve ry  s i m i l a r  in  c o m p o s i t i o n  and p h y s i c o ­
chemical  p r o p e r t i e s  ( 2 ) .
The exudate  from Cochiospermum go s syp ium  (F a m i l y  B i x i n e a e ),  a 
smal l  d e c id u o u s  t r e e  which grows in  the  N o r th -w e s t  Fl imalaya, resem­
b l e s  S t e r c u l  i a and has been termed gurn karaya  f o r  t r a d e  pu rpo se s  
a l t h o u g h  i t  i s  c h e m i c a l l y  d i f f e r e n t  ( 3 ) .
Gum karaya  i s  a complex,  p a r t i a l l y  a c e t y l a t e d  p o l y s a c c h a r i d e  
o f  h i g h  m o le c u l a r  w e ig h t .  The a c e t i c  a c i d  i s  l a b i l e .  Gum karaya  i s  
r i c h  in  c a l c i u m ,  magnesium and po ta s s ium  s a l t s  and c o n t a i n s  _D
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- g a l a c t u r o n i c  a c i d , JJ - g l u c u r o n i c  a c i d ,  jj - g a l a c t o s e  and _L -rham- 
no se .  I t  does  not d i s s o l v e  r e a d i l y  in  wate r  but s w e l l s  t o  g i v e  a 
v i s c o u s  c o l l o i d a l  s o l u t i o n  ( 4 , 5 ) .
_VI_._1 (_b) Uses of  gum ka raya
Gum karaya  i s  used in  the t e x t i l e ,  c o sm e t ic ,  food and p h a r ­
m a ceu t i ca l  i n d u s t r i e s  as  a t h i c k e n e r ,  e m u l s i f i e r  and s t a b i l i s e r  ( 6 ) .
Gum karaya  f i n d s  a ve r y  im por tan t  use in  l a x a t i v e  p r e p a r a ­
t i o n s ,  den ta l  f i x a t i v e s  and as  an a d h e s i v e  i n  co lo s tom y  a p p l i a n c e s .  
In the  food i n d u s t r y ,  i t  i s  used  in  whipped cream p r o d u c t s ,  i c e  
cream, s au ce s  and many o t h e r  p r o c e s se d  f ood s  ( 7 , 6 ) .
A  s h o r t  rev iew  o f  d i e t a r y  s t u d i e s  o f  gum ka raya  in 
a n im a l s  and in  Man
In  1938 ( 9 ) ,  gum karaya  was r epo r te d  to  be undegraded when 
i n g e s t e d  by dogs  a l t h o u g h  f aeca l  n i t r o g e n  e x c r e t i o n  was i n c r e a s e d .  
Gum karaya  d id  not a f f e c t  s t a r c h  d i g e s t i o n  and v i t a m in  A u t i l i s a t i o n  
in  r a t s .  However, gum ka raya  was found to  i n c r e a s e  f ae ca l  bu lk  and 
m o i s t u r e  and to  be a good l a x a t i v e  c a u s i n g  no i r r i t a t i o n .
In 1941 Hoe lze l  (1U) r epo r te d  t h a t  r a t s  fed a d i e t  i n c l u d i n g  
g r a n u l a r  ka raya  at  l e v e l s  of  1U% and 25% (w/w) deve loped  i n t e s t i n a l  
l e s i o n s .  However,  i n  1948 (11)  i t  was r e po r te d  t h a t  r a t s  fed 1U%
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and 26% (w/w) g r a n u l a r  karaya  deve loped  no caeca! u l c e r a t i o n s .
I t  was o b se rved  by Vohra and K r a t z e r  (12)  t h a t  when guru karaya  
was added to  the  d i e t  o f  c h i c k e n s  a t  a l e ve l  o f  2% th e re  was a 
d e p r e s s i o n  in  t h e i r  g rowth .
S i n c e  t h a t  t ime,  l i t t l e  has been p u b l i s h e d  c o n c e rn in g  the  e f ­
f e c t  o f  gum ka ra ya  in  the  d i e t  o f  an im a l s  and Man u n t i l  r e c e n t l y .
In  1981 (13 )  gum karaya  was used in  a l o n g  term f e e d in g  s tudy
in  r a t s .  The gum was i n c l u d e d  i n  a f i b r e - f r e e  d i e t  a t  c o n c e n t r a ­
t i o n s  o f  1U%, 20% and 40% (w/w). Gum karaya  was found to  have an 
appa ren t  d i g e s t i b i l i t y  o f  l e s s  than  10%.
In  1982 (14 )  gum karaya  was r e po r te d  to  g i v e  a m i ld  immune
r e sp o n se  i n  mice,  comparab le  to  t h a t  o f  the  common f o o d s t u f f ' s  com­
ponent h e n ' s  egg o va lbum in .
The f a t e  o f  gum karaya  in  the r a t  was r e po r te d  in  1982 ( 1 5 ) .
Ra t s  were fed  a d i e t  c o n t a i n i n g  5% (w/w) gum ka ra ya  f o r  24 hou r s  and 
f aece s  and u r i n e  were c o l l e c t e d  f o r  a p e r i o d  o f  72 ho u r s .  The s u g a r  
c o m p o s i t i o n  o f  the  f ae ce s  was determined and compared to  t h a t  o f  the  
whole gum. There was found to  be good agreement between the  two i n ­
d i c a t i n g  t h a t  ve r y  l i t t l e  d e g r a d a t i o n  o f  gum karaya  had ta ken  p l a c e  
on i n g e s t i o n  by the r a t .
In  a f u r t h e r  s tu dy  of  gum karaya  (16 )  g roup s  o f  15 r a t s  o f
67
each sex were g i v e n  gum karaya  a t  d i e t a r y  l e v e l s  o f  1) ( c o n t r o l ) ,  
0 .2% ,  1% and 5% (w/w) f o r  13 weeks.  Faecal  bu lk  i n c r e a s e d  in  a l l  
t r e a t e d  g ro up s  t h ro u g h o u t  the  s t u d y .  The no -un toward  e f f e c t  l e v e l  
was 5% (w/w) o f  the  d i e t  p r o v i d i n g  a mean i n t a k e  o f  about 4g gum 
k a ra ya/ kg  body w e igh t/day .
As a r e s u l t  o f  t h e se  s t u d i e s ,  a temporary  ' a c c e p t a b l e  d a i l y  
i n t a k e '  (A D I )  o f  0 - 2.C- mg/kg/day was a l l o c a t e d  to  gum ka raya  by
T feC J FA  in  1983 ( 22 .) .
I n  1983 ( 1 7 ) ,  i t  was r e po r te d  th a t  the d i g e s t i b i l i t y  o f  c a s e i n  
was reduced i n  the  p re sence  o f  gum ka ra ya ;  t h i s  may be a r e s u l t  o f  
i n t e r f e r e n c e  w i th  the enzyme complex f o rm a t i on  in  p r o t e o l y t i c  d i g e s ­
t i o n .
The o n l y  s tu dy  to  da te  c o n c e rn in g  the  e f f e c t  o f  gum karaya  on 
Man was re p o r te d  i n  1983 . F i v e  male v o l u n t e e r s  consumed lU . 5 g  gum 
ka ra ya/day  f o r  21 da y s .  Measurements made be fo re  and a f t e r  the t e s t  
p e r i o d  showed t h a t  i n g e s t i o n  o f  gum ka raya  had no s i g n i f i c a n t  e f f e c t  
on many pa ram ete rs  i n c l u d i n g  f aeca l  f a t ,  b i l e  a c i d s ,  g l u c o s e  t o l e r ­
ance,  serum c h o l e s t e r o l  and plasma b i o c h e m i s t r y .  The d a i l y  t e s t  i n ­
t a k e ,  which was l a r g e  in  r e l a t i o n  to  the m inor  amounts o f  gum karaya  
used  i n  f o o d s t u f f s ,  d i d  not cause  any t o x i c  e f f e c t s  i n  te rms o f  the  
measurements made; moreover,  gum karaya  had no m e ta b o l i c  a c t i o n  of  
any consequence  ( 1 8 ) .
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(_d) Concl  u s i  on and aims
The p r e v i o u s  r e p o r t s  i n d i c a t e d  t h a t  yum karaya  i s  m e t a b o l i -
c a l l y  i n e r t  i n  a n im a l s  and in  Man when i n c o r p o r a t e d  in  a normal
d i e t .  No attempt  had been made to  e x t r a c t  the  u n d i g e s t e d  gum from
fa e c e s  and t o  compare the  e x t r a c t  w i th  the  o r i g i n a l  gum. Hence, the
aims  o f  the work undertaken  in  t h i s  s e c t i o n  o f  the T h e s i s  were:
( i )  to  feed gum ka ra ya  t o  r a t s  i n c o r p o r a t e d  in  (a)  a 
s t a n d a rd  d i e t  and (b)  an elementa l  d i e t  and attempt  to  
r e c o ve r  undegraded gum o r  d e g r a d a t i o n  p ro d u c t s  from 
f a e c e s ;
( i i )  to  c a r r y  out  p h y s i c o - c h e m i c a l  a n a l y s e s  o f  the faeca l  
e x t r a c t s  o b t a in e d  t o  de term ine  the  f a t e  o f  i n g e s t e d  gum 
karaya  in  the  r a t .
V I . 2 METHODS AND MATERIALS
( i )  A l l  the  a n im a l s  used in  the f o l l o w i n g  expe r im ent s  were 
a d u l t  W i s t a r  r a t s ,  p r o v id e d  by the  Animal U n i t ,  Western General  Hos ­
p i t a l  , E d in b u r g h .
The gum karaya  (E416)  (8)  used as  the Tes t  A r t i c l e  was ob­
t a i n e d  from No rg ine  L t d . ,  London, from a cons ignment  t e s t e d  and ap ­
proved f o r  r o u t i n e  m a n u fa c tu r i n g  p u rpo se s .
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( i i ) D i e t s
(a)  In  the exp e r im en t s  in  which a s t a n d a rd  S p r a t t s  ( S p i l l e r s )  
sma l l  animal  d i e t  was used  f o r  the  c o n t r o l  a n im a l s ,  gum karaya  was 
i n c o r p o r a t e d  in  s p e c i f i e d  amounts f o r  the t e s t  a n im a l s .  In  a l l  
c a s e s ,  wate r was added t o  the  d i e t  o r  d i e t  p l u s  gum k a ra y a ,  to  p r o ­
duce a t h i c k  pa s te  in  o r d e r  to  m in im i se  l o s s e s  due to  s c a t t e r i n g  and 
t o  a s s i s t  the  p a l a t a b i l i t y  o f  gum ka ra y a .
(b)  Gum karaya  was i n c o r p o r a t e d  i n  a low r e s i d u e  
n u t r i t i o n a l l y - c o m p l e t e  elementa l  d i e t  " F l e x i c a l “ (Mead Johnson  L a ­
b o r a t o r i e s ,  S l o u g h ) .  The b a s i c  d i e t  f o r  the c o n t r o l  a n im a l s  c o n ­
s i s t e d  o f  " F l e x i c a l 1' powder ( 3 3 7 . 5g ) ,  g e l a t i n  (5U .7g )  and water  
(1238  m l ) ;  the se  were mixed t o g e t h e r ,  poured i n t o  t r a y s  (3U) and a l ­
lowed t o  s e t .  Each r a t  was g i v e n  the  c o n te n t s  o f  one t r a y  per  day.  
Fo r  the  t e s t  a n im a l s  gum ka raya  was added to  the above m ix tu re  in  
the  q u a n t i t i e s  s p e c i f i e d  below.
( i i i ) Feedi  ng method
T e s t  r a t s  were fed a c o n t r o l  d i e t  (w i t ho u t  guin ka ra ya )  f o r  
t h r e e  d a y s ,  and a d i e t  supp lemented w i th  gum ka raya  in  the  s p e c i f i e d  
p r o p o r t i o n  f o r  a f u r t h e r  seven day s ;  t h i s  was f o l l o w e d  by c o l l e c t i o n  
o f  f a e c e s  f o r  t h r e e  d a y s .  C on t ro l  r a t s  were fed the  r e s p e c t i v e  d i e t  
w i t h o u t  gum karaya  f o r  seven day s ,  f o l l o w e d  by c o l l e c t i o n  o f  f aece s  
f o r  t h r e e  d a y s .  The food c o n t a i n e r s  were f i x e d  to  the cages  in  p o ­
s i t i o n s  such as  to  m in im i se  c o n ta m ina t io n  o f  the f aece s  w i th  uneaten
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food .
( i v ) Col 1e c t i  on o f  f aece s
Faeces  were c o l l e c t e d  d a i l y  f o r  t h re e  days  i n t o  j a r s  c o n t a i n ­
i n g  0.2M ammonium h y d r o x i d e  p l u s  c r y s t a l s  o f  thymol to  reduce  ba c ­
t e r i a l  g rowth .  Cum karaya  i s  w a t e r - i n s o l u b l e  but i s  s o l u b l e  in  am­
monium h y d r o x i d e .  The j a r s  were s t o r e d  i n  a r e f r i g e r a t o r .  Care was 
taken  not to  c o l l e c t  f ae ce s  o b se rved  to  be admixed w i th  s c a t t e r e d  
food d e b r i s .
(_v) E x t r a c t i  on method
The faeces/ammonium hyd rox ide/thymo l  m i x t u r e ,  c o n ta in e d  in
two s t o u t  p l a s t i c  bag s ,  was put i n t o  a ' s t o m a c h e r '  to  g i v e  a m i x tu re  
o f  u n i f o rm  c o n s i s t e n c y .  More ammonium h y d ro x id e  was added and the
m ix tu re  l e f t  o v e r n i g h t  in  the  c o l d  room. The f aeca l  m i x t u r e  was 
c e n t r i f u g e d  f o r  2U m inute s  u s i n g  a 2L MSE M i s t r a l  c e n t r i f u g e  at
7000g.  The s u p e rn a t a n t  was removed, d i a l y s e d  a g a i n s t  r u n n in g  tap  
water f o r  two days  and a g a i n s t  d i s t i l l e d  water f o r  a f u r t h e r  two 
d a y s .  H a l f  the  d i a l y s a t e  was f r e e z e - d r i e d .  The o th e r  h a l f  was p r e ­
c i p i t a t e d  w i t h  4 volumes o f  e thano l  c o n t a i n i n g  1% ( v/ v )  c o n c e n t r a t e d  
HC1. I t  was l e f t  o v e r n i g h t  in  the  r e f r i g e r a t o r .
The p r e c i p i t a t e  was vacuum f i l t e r e d  u s i n g  Whatman f i l t e r  pa­
pe r s  No. 41 and No. 1 and washed s e ve ra l  t im e s  w i th  e thano l  to  r e ­
move the  HC1. The p r e c i p i t a t e  was a i r  d r i e d .
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( v i ) A n a l y s l s  o f  e x t r a c t s
The r e s u l t i n g  e x t r a c t s  were a n a l y s e d  u s i n g  some o f  the methods
d e t a i l e d  i n  S e c t i o n  I I  o f  t h i s  T h e s i s .
( v i i ) Summary o f  e xpe r im ents
(a )  A 0 .4%  (w/v) s o l u t i o n  o f  gum ka raya  was p repared  w i th  
ammonium h y d r o x id e  (0.2M) and put t h ro u g h  the  e x t r a c t i o n  
p rocedu re  from the  d i a l y s i s  s t a ge  onwards;
(b)  10 r a t s  were fed the  s t a n d a rd  d i e t  and the  elementa l  d i e t
r e s p e c t i v e l y .  The f aece s  were t r e a t e d  as  in  ( v ) ;
(c )  10 r a t s  were fed  the  s t a n d a rd  d i e t  and the  elementa l
d i e t  r e s p e c t i v e l y  and gum karaya  was mixed w i th  the f aece s  
and r e - e x t r a c t e d  as  i n  ( v ) ;
(d)  u s i n g  the  s t a n d a rd  d i e t ,  gum karaya  was i n c o r p o r a t e d  at
a dose  l e v e l  o f  1 . 2 g / d a y / r a t  t o  10 r a t s  and the  f aece s  
t r e a t e d  as  in  ( v ) ;
(e )  u s i n g  the e lemental  d i e t ,  gum karaya  was i n c o r p o r a t e d  at
a dose  l e v e l  o f  1 . 2 g / d a y / r a t  t o  10 r a t s  and the  f aece s  
t r e a t e d  as  in  ( v ) .
V I . 3 RESULTS
The a n a l y t i c a l  data  f o r  gum karaya  and f o r  the  faeca l  e x t r a c t s
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o b ta in e d  from the  animal  f e e d i n g  s t u d i e s  a re  d e t a i l e d  in  T ab le s  V I . 1 
and V I . 2. The amino a c i d  p r o f i l e s  f o r  gum ka ra ya  and f o r  the  f a e ­
ca l  e x t r a c t s  from r a t s  fed the  s t a n d a rd  d i e t  ( i )  a lone  and ( i i )  w ith
gum ka ra ya  i n c o r p o r a t e d  a t  1 . 2 g / d a y / r a t ,  a re  shown in  F i g u r e  V I .
V K 4  D ISCUSS ION
In  t h i s  s t u d y ,  gum ka raya  was i n c o r p o r a t e d  i n t o  two d i f f e r e n t  
r a t  d i e t s  1) a s t a n d a rd  S p r a t t s  ( S p i l l e r s )  smal l  animal  d i e t  c o n ­
t a i n i n g  p r o t e i n ,  f a t ,  m i n e r a l s ,  v i t a m i n s ,  c a rb o h y d ra t e  and f i b r e  and
2) a low r e s i d u e  e lementa l  d i e t ,  1 FI ex i c a 1 1.
E lementa l  d i e t s  a re  s e m i - s y n t h e t i c  f i b r e - f r e e  l i q u i d  d i e t s  
c o n t a i n i n g  a f u l l  r ange  o f  b a s i c  n u t r i e n t s .  C a r b o h y d r a t e , p r o t e i n  
and f a t  a re  p re sen ted  to  the  g a s t r o - i n . t e s t i n a l  t r a c t  in  a form th a t  
does not r e q u i r e  i n t a c t  d i g e s t i v e  c a p a b i l i t i e s .  They a re  b u l k - f r e e  
and have minimal  r e s i d u e .  Elementa l  d i e t s  do not have an e f f e c t  on 
the  t y p e s  o f  b a c t e r i a  p r e s e n t  but dec rea se  the  o v e r a l l  b a c t e r i a l  
mass p r e s e n t  in  i n t e s t i n a l  c o n te n t s  and reduce s t o o l  we igh t  ( 1 9 ) .
P r e l i m i n a r y  exp e r im en t s  were c a r r i e d  out  t o  a s c e r t a i n  the  most 
e f f i c i e n t  methods c o n c e rn i n g  (1 )  the p r e p a r a t i o n  and mode o f  p r e s e n ­
t a t i o n  o f  the  d i e t s  t o  the  r a t s ,  w i th  o r  w i t ho u t  gum karaya  (2)  the  
c o l l e c t i o n  o f  f ae ce s  and (3 )  the e x t r a c t i o n  o f  gum karaya  from 
f a e c e s .
Fo r  the  pu rpose  o f  com par i son ,  e x t r a c t s  were i s o l a t e d  a f t e r
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the  d i a l y s i s  s t a g e  by two methods;  ( i )  by p r e c i p i t a t i o n  w i th  a c i d i ­
f i e d  e thano l  and ( i i )  by f r e e z e - d r y i n g .
The s t a n d a rd  d i e t  was used in  the f i r s t  s e t  o f  e xp e r im e n t s .
When gum ka raya  was put t h r o u g h  the  e x t r a c t i o n  p ro cedu re ,  th e  
y i e l d  was 74%. The g r a n u l a r ,  n a t u r a l  gum karaya  used c o n ta in e d  
sand ,  bark  and o t h e r  p l a n t  d e b r i s  (ca.  8%) which was removed on cen ­
t r i f u g a t i o n .  Some d e a c e t y l a t i o n  ( 5 - 1 U%) and mechan ica l  l o s s e s  ( 5 -  
10%) a l s o  i n e v i t a b l y  o c c u r r e d  d u r i n g  the  e x t r a c t i o n  p rocedu re :  th u s
a t o t a l  l o s s  o f  26% i s  e x p l i c a b l e .  When gum karaya  was mixed w i th  
f a e c e s  and r e - e x t r a c t e d ,  60% o f  the  gum was r e co ve re d .  The f u r t h e r  
d e c re a se  in  y i e l d  can be e x p l a i n e d ,  at l e a s t  in  p a r t  t o  l o s s e s  d u r ­
i n g  c e n t r i f u g a t i o n ;  the  p e l l e t - s u p e r n a t a n t  i n t e r f a c e  was not s h a r p l y  
d e f i n e d  and v a r y i n g  the  t ime  and speed o f  c e n t r i f u g a t i o n  d i d  not im­
prove  i t .
A n a l y t i c a l  data  f o r  yuin karaya  and r e - e x t r a c t e d  yum karaya  a re
compared in  Tab le  V I . 1. Ash c o n te n t s  were s i m i l a r  (0 .0%  and 9.7%
and 1.9% and 8 . 3 % ) ;  n i t r o g e n  c o n te n t s  i n c r e a s e d  from 0 .08%  and 0.00%  
to  3.17%  and 4.10%;  i n t r i n s i c  v i s c o s i t i e s  d ec rea sed  from 535 m lg ”  ̂
and 515 mlg" ' ' '  t o  330 m lg "^  and 260rnlg 1 and s p e c i f i c  r o t a t i o n s  de­
c rea sed  from +59°  and +45° to  +47° and +38°.
The i n c r e a s e d  n i t r o g e n  c o n te n t s  o f  the faeca l  e x t r a c t s  can
o n l y  be due to  the  p re sence  o f  n i t r o g e n e o u s  co n ta m ina n t s  such as  gut  
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d i f f e r e n c e s  between the  i n t r i n s i c  v i s c o s i t i e s  and the s p e c i f i c  r o t a ­
t i o n s  f o r  gum ka ra ya  and f o r  r e - e x t r a c t e d  gum ka raya  were p ro b a b l y  
a t t r i b u t a b l e  to  the  co n ta m in a n t s  p r e s e n t  in  the  r e - e x t r a c t e d  yum.
When c o n t r o l  f a e c e s  were e x t r a c t e d ,  the  i s o l a t e d  m a t e r i a l  ( t o ­
t a l  we igh t  2 . 1 y )  gave n i t r o g e n  c o n te n t s  o f  8 .61%  and 8.1)4% and an 
i n t r i n s i c  v i s c o s i t y  o f  180 m lg - 1 . These v a l u e s  (T ab le  V I . 1) d i f ­
f e red  from the  da ta  f o r  gum karaya  and f o r  r e - e x t r a c t e d  gum k a ra y a .  
A sh ,  i n t r i n s i c  v i s c o s i t y  and s p e c i f i c  r o t a t i o n  d e t e r m i n a t i o n s  were 
not p o s s i b l e  f o r  the c o n t r o l  f ae ca l  e x t r a c t ,  o b ta in e d  by p r e c i p i t a ­
t i o n  w i th  a c i d i f i e d  e t h a n o l ,  because o f  the smal l  q u a n t i t y  o f  sample  
a v a i l a b l e .  The c o n t r o l  f ae ca l  e x t r a c t  o b ta in e d  by f r e e z e - d r y i n g  
p roduced  c l o u d y  m i x t u r e s  which  were not s u f f i c i e n t l y  c l a r i f i e d  by 
repeated  f i l t r a t i o n  t o  enab le  the s p e c i f i c  r o t a t i o n  t o  be d e t e r ­
mined.
When yum karaya  was i n c o r p o r a t e d  i n t o  the s t a n d a rd  d i e t  at
1 . 2 g / d a y / r a t ,  the  r e c o v e r y  o f  gum from fae ce s  was 33%, based on the  
we igh t  o f  gum ka raya  i n c o r p o r a t e d  i n t o  the  f o o d s t u f f  p laced  in  the 
r a t s '  c a g e s .  There were however,  c o n s i d e r a b l e  l o s s e s  r e s u l t i n g  from 
food s p i l l a g e  by the  r a t s  (ca .  25%) and in com p le te  c o l l e c t i o n  o f  
f a e c e s ,  as  f ae ce s  contam ina ted  w i th  s c a t t e r e d  food d e b r i s  were r e ­
j e c t e d  ( ca .  2U% ) .
A n a l y t i c a l  data  f o r  the t e s t  f aeca l  e x t r a c t s  from gum ka raya  
d i e t  supp le m e n ta t i on  and f o r  r e - e x t r a c t e d  gum ka ra ya  a re  shown in  
Tab le  V I . 1.  Ash c o n te n t s  were s i m i l a r  ( l . y %  and 8.3%  and 1.1% and
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9 . 1 % ) ;  n i t r o g e n  c o n t e n t s  dec rea sed  from 3.17%  and 4.11)% to  '¿.'¿'¿I* and 
2 .23% ;  i n t r i n s i c  v i s c o s i t i e s  were s i m i l a r  (330 m l g -1 and 260 m lg - 1 , 
25u mlg"'* '  and 250 m lg - '1' );  s p e c i f i c  r o t a t i o n s  i n c r e a s e d  from +45° and 
+38° to  +60° and +43° r e s p e c t i v e l y .
The s i m i l a r i t i e s  between the ash c o n t e n t s ,  i n t r i n s i c  v i s c o s i ­
t i e s  and s p e c i f i c  r o t a t i o n s  o f  the  t e s t  f ae ca l  e x t r a c t s  and r e ­
e x t r a c t e d  gum ka ra ya  i n d i c a t e d  the p re sence  o f  gum karaya  in  f a e c e s .
The r e s u l t s  f o r  the  t e s t  f ae ca l  e x t r a c t s  were compared w i th
th o se  f o r  gum ka ra ya  a l o n e  (Tab le  V I . 1 ) .  Ash c o n t e n t s  were s i m i l a r  
(0 .0%  and 9.7% and 1.1% and 9 . 1 % ) ;  n i t r o g e n  c o n t e n t s  i n c r e a s e d  from
0.08%  and 0.00% to  2 .22%  and 2.23%;  i n t r i n s i c  v i s c o s i t i e s  dec rea sed
-1 -1 -1 -1 
from 535 ml g and 515 ml g to  250 nil g and 250 ml g ; s p e c i f i c
r o t a t i o n s  were s i m i l a r  (+59°  and +43°, +60° and +45° r e s p e c t i v e l y ) .  
The s i m i l a r i t i e s  between the  a sh  c o n te n t s  and s p e c i f i c  r o t a t i o n s  o f  
the  t e s t  f ae ca l  e x t r a c t s  and gum ka raya  a g a i n  i n d i c a t e d  t h a t  gum 
ka raya  in  an impure form was recove red  from faece s  a f t e r  d i e t  s u p ­
p le m e n t a t i o n .
Gum k a ra y a ,  the  c o n t r o l  f aeca l  e x t r a c t ,  and the  t e s t  f aeca l  
e x t r a c t  from gum ka raya  d i e t  supp lem e n ta t i on  were subm it ted  to  amino 
a c id  a n a l y s i s .  The amino a c i d  p r o f i l e s  a re  shown in  F i g u r e  V I .  The 
t h r e e  majo r amino a c i d s  in  gum karaya  were a s p a r t i c  a c i d ,  v a l i n e  and 
g l u t a m ic  a c i d ;  in  the  c o n t r o l  and t e s t  f ae ca l  e x t r a c t s  they  were 
a l a n i n e ,  g l u t a m ic  a c i d  and a s p a r t i c  a c i d .  The majo r  amino a c i d s  in  
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p r o p o r t i o n s  o f  g l u t a m ic  a c i d  and a s p a r t i c  a c id  were i n c r e a s e d  in  the 
t e s t  f a e c a l  e x t r a c t .  The p r o p o r t i o n s  o f  a r g i n i n e ,  a s p a r t i c  a c i d ,  
l e u c i n e ,  p h e n y l a l a n i n e ,  p r o l i n e  and s e r i n e  were h i g h e r  in  gum karaya  
and the  t e s t  f a e ca l  e x t r a c t  than in  the  c o n t r o l  f ae ca l  e x t r a c t .  
Hence th e re  a re  i n d i c a t i o n s ,  from the amino a c id  a n a l y s e s ,  t h a t  the 
p r o t e i n a c e o u s  component gum ka raya  appea r s  in  f ae ce s  from r a t s  fed a 
d i e t  supp lemented w i th  gum k a ra y a .  As the p r o t e i n  c o n te n t  o f  gum 
ka ra ya  i s  o n l y  ca.  U.5% i t  would be d i f f i c u l t  to  o b t a i n  a more p o s i ­
t i v e  c o n c l u s i o n  because o f  the  smal l  q u a n t i t y  o f  gum karaya  i n c o r ­
po ra ted  in  the  r a t  d i e t .
When f ae ce s  from r a t s  on gum ka raya  d i e t  s upp lem e n ta t i on  were 
mixed w i th  ammonium h y d ro x id e  s o l u t i o n  the r e s u l t a n t  m i x t u r e s  were 
s i m i l a r  in  appearance  to  t h a t  g i ven  by gum karaya  in  ammonium hy ­
d r o x i d e .  The t e s t  f aeca l  m i x tu re  was ve ry  v i s c o u s .  Faecal  ou tput  
from r a t s  on gum karaya  d i e t  supp lem e n ta t i on  was i n c r e a s e d  (ca .  30%) 
compared w i t h  the  f ae ca l  o u tp u t  from c o n t r o l  r a t s .
S i m i l a r i t i e s  between the  ash  c o n te n t s  and s p e c i f i c  r o t a t i o n s  
o f  gum karaya  a l o n e  and the  t e s t  f aeca l  e x t r a c t s ,  and between the  
ash  c o n te n t s  and i n t r i n s i c  v i s c o s i t i e s  o f  r e - e x t r a c t e d  gum karaya  
and the  t e s t  f ae ca l  e x t r a c t s  t h e r e f o r e  i n d i c a t e  the  p re sence  o f  gum 
ka raya  or  m a te r i a l  s i m i l a r  to  gum karaya  i n  r a t  f ae ce s  a f t e r  d i e t  
s u p p le m e n ta t i o n .
I t  has been p o s t u l a t e d  (15 )  t h a t  d e g r a d a t i o n  o f  the e x t e r i o r  
c h a i n s  o f  gum ka ra ya  may ta ke  p la ce  i n  the r a t  gu t .  However, a t ­
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tempts to  measure m o l e c u l a r  w e ig h t s  by the l i g h t  s c a t t e r i n g  t e c h ­
n iq u e  were u n s u c c e s s f u l  because  o f  p rob lems  a s s o c i a t e d  w i th  s o l u b i l ­
i t y  and ' c l e a n - u p '  o f  the f aeca l  e x t r a c t s .  There were no i n d i c a ­
t i o n s  o f  major d e g r a d a t i o n  h a v in g  taken  p l a c e .  I t  i s  p o s s i b l e  t h a t  
a g g r e g a t i o n  may have o c cu r red  due to  the  h i gh  e m u l s i f y i n g  power o f  
gum k a ra ya .
The elementa l  d i e t ,  ' F l e x i c a l '  was used i n  the  second s e t  o f  
e x p e r im e n t s .
Gum ka raya  was put th rou gh  the e x t r a c t i o n  p rocedu re  and 74% 
was r e co ve red  f o r  the  r e a s o n s  ment ioned  e a r l i e r  ( p age73 ) .  When gum
karaya  was mixed w i th  f ae ce s  from c o n t r o l  r a t s  and r e - e x t r a c t e d ,  the 
y i e l d  was a l s o  74%.
The a n a l y t i c a l  data  f o r  gum ka raya  and f o r  r e - e x t r a c t e d  gum 
ka ra ya  a re  compared in  Tab le  V I . Z .
Ash c o n te n t s  were s i m i l a r  (0 .0%  and 9.7% and 0.4% and 8 . 4 % ) ;  
n i t r o g e n  c o n t e n t s  i n c r e a s e d  from 0.08%  and 0.00%  t o  1.14% and 1.68%; 
i n t r i n s i c  v i s c o s i t i e s  dec rea sed  from 535 ml g ~1 and 515 m lg -1 to  400 
rul g~ ̂  and 450 in lg " ' L; s p e c i f i c  r o t a t i o n s  were s i m i l a r  (+59°  and +45°, 
+60° and +53° r e s p e c t i v e l y ) .
The i n c r e a s e d  n i t r o g e n  c o n te n t s  o f  r e - e x t r a c t e d  gum ka raya  can 
o n l y  a r i s e  from the  p re sence  o f  c on tam inan t s  from f a e c e s .  M o l e c u l a r
w e ig h t s  were not a v a i l a b l e  f o r  compar ison  because  o f  the  expe r im en­
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t a l  d i f f i c u l t i e s  found to  be i n v o l v e d  w i th  s o l u t i o n  c l e a n - u p .
When c o n t r o l  f a e c e s  were e x t r a c t e d ,  the  i s o l a t e d  m a te r i a l  ( t o ­
t a l  w e igh t  0 . 3 g )  had a h i g h  n i t r o g e n  c o n te n t  ( 1 1 .9% )  and r e l a t i v e l y  
low i n t r i n s i c  v i s c o s i t y  (150 m lg - 1 ).
Gum karaya  was i n c o r p o r a t e d  i n t o  the  elementa l  d i e t  a t  a dose 
l e v e l  o f  1 . 2 g / d a y / r a t .  The r e c o v e r y  o f  gum from f a e c e s ,  based on 
the  w e igh t  o f  gum ka ra ya  i n c o r p o r a t e d  i n t o  the elementa l  f o o d s t u f f  
was 20%. As ment ioned  e a r l i e r  (page 75 )  c o n s i d e r a b l e  mechan ica l  
l o s s e s  were i n v o l v e d .
The a n a l y t i c a l  da ta  f o r  the  t e s t  f ae ca l  e x t r a c t s  and r e -
e x t r a c t e d  gum ka raya  a re  shown in  Tab le  V I . 2. Ash c o n t e n t s  were 
s i m i l a r  ( 0 . 4%  and 8 .4%  and 0.0% and 9 . 1 % ) ;  n i t r o g e n  c o n te n t s  d e ­
c re a se d  from 1.14% and 1.68% to  0.57% and 0 .84% ;  i n t r i n s i c  v i s c o s i ­
t i e s  i n c r e a s e d  from 400 mlg~^ and 450 rn 1 y~^ to  520 rnl g - 1 and 530
m l g - 1 ; s p e c i f i c  r o t a t i o n s  dec reased  from +60° and +53° to  +58° and
+41°  r e s p e c t i v e l y .
The d i f f e r e n c e s  in  the  n i t r o g e n  c o n t e n t s ,  i n t r i n s i c  v i s c o s i ­
t i e s  and s p e c i f i c  r o t a t i o n s  between the  t e s t  f ae ca l  e x t r a c t s  ana 
r e - e x t r a c t e d  guin karaya  were p o s s i b l y  a r e f l e c t i o n  o f  the d i f f e r ­
ences  in  p u r i t y  o f  the  sam p le s .
The a n a l y t i c a l  data  f o r  the t e s t  f aeca l  e x t r a c t s  were a l s o  
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and 9.7%  and U.0% and 9 . 1 % ) ;  n i t r o g e n  c o n t e n t s  i n c r e a s e d  from U.08% 
and 0 .00% t o  0 .57% and 0 .84% ;  i n t r i n s i c  v i s c o s i t i e s ,  s p e c i f i c  r o t a ­
t i o n s  and m o le c u l a r  w e ig h t s  were a l l  s i m i l a r ,  w i th  v a l u e s  o f  535 
m l g " 1 , 515 m l g " 1 , 520 m l g " 1 and 530 m lg_ 1 ; +59° ,  +45° , +58° and 
+41° ;  4 .6  x 106 , 4 .7  x 10b , 4 .6  x 10^ and 4 .9  x 10^ r e s p e c t i v e l y .
Ash c o n t e n t s ,  i n t r i n s i c  v i s c o s i t i e s ,  s p e c i f i c  r o t a t i o n s  and 
m o l e c u l a r  w e ig h t s  f o r  the  t e s t  f ae ca l  e x t r a c t s  c o r r e l a t e d  wel l  w i th  
t h o s e  f o r  gum k a ra ya ,  i n d i c a t i n g  the p re sence  o f  gum ka raya  in  the 
f a e ca l  e x t r a c t s .
As w i th  the  s t a n d a rd  d i e t ,  f aeca l  o u tpu t  i n c r e a s e d  ( ca .  30%) 
when the  e lementa l  d i e t  was supp lemented w i th  gum k a ra y a .  When 
f ae ce s  from r a t s  g i v e n  gum ka raya  were mixed w i th  ammonium h y d ro x id e  
s o l u t i o n ,  the  s o l u t i o n  v i s c o s i t y  c l o s e l y  resembled  t h a t  o f  gum 
k a ra ya  i n  ammonium h y d ro x id e .  The faeca l  m i x t u r e  was ve r y  v i s c o u s .
There i s  t h e r e f o r e  no c l e a r  e v idence  as  to  whether  gum ka raya  
i s  o r  i s  no t degraded  on i n g e s t i o n  by the r a t  when i n c l u d e d  in  a 
s t a n d a rd  o r  elementa l  d i e t .  I t  i s  however,  appa rent  t h a t  s u b s t a n c e s  
can be e x t r a c t e d  from (a)  t e s t  f ae ce s  ( s t a n d a rd  d i e t )  w i th  ash  co n ­
t e n t s ,  i n t r i n s i c  v i s c o s i t i e s  and s p e c i f i c  r o t a t i o n s  s i m i l a r  to  t h o s e  
f o r  r e - e x t r a c t e d  gum karaya  and (b) t e s t  f ae ce s  (e lementa l  d i e t )  
w i t h  a sh  c o n t e n t s ,  i n t r i n s i c  v i s c o s i t i e s ,  s p e c i f i c  r o t a t i o n s  and 
m o le c u l a r  w e ig h t s  ve ry  s i m i l a r  to  th o se  f o r  gum k a ra y a .
I t  was found t o  be ve r y  d i f f i c u l t  to  e x t r a c t  gum ka ra ya  quan­
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t i t a t i v e l y  from ra t  f a e c e s .  I t  i s  p o s s i b l e  t h a t  yum k a ra y a ,  an e f ­
f i c i e n t  e m u l s i f i e r ,  e m u l s i f i e s  p r o t e i n a c e o u s  and f a t t y  s u b s t a n c e s  
w i th  which i t  comes i n t o  c o n t a c t  on p a s s a ge  t h ro u g h  the  r a t s  d i g e s ­
t i v e  s y s tem;  i f  so ,  gum karaya  complexed w i th  such s u b s t a n c e s  would 
not be f r e e l y  e x t r a c t a b l e  as gum ka ra ya .
I t  was p o s s i b l e  t o  demons t ra te  t h a t  when the  elementa l  d i e t  
was supp lemented w i th  gum karaya  a h i g h  m o le c u l a r  we igh t  and h i g h l y  
v i s c o u s  s u b s t a n c e  s i m i l a r  to  gum ka raya  was e x t r a c t e d  from f a e c e s .  
However,  no m o le c u l a r  we igh t  v a l u e s  c o u ld  be o b t a in e d  f o r  t e s t  f a e ­
ca l  e x t r a c t s  from exp e r im en t s  i n v o l v i n g  the  s t a n d a rd  d i e t .  In  the  
s t a n d a rd  d i e t ,  gum karaya  i s  i n c o r p o r a t e d  i n t o  a d i e t  c o n t a i n i n g  v i ­
t a m in s ,  c rude  p r o t e i n ,  c rude  f a t ,  m ine ra l  m at te r ,  s t a r c h ,  d i g e s t i b l e  
c a r b o h y d r a t e s  and c rude f i b r e ,  some o f  which w i l l  t r a v e l  w i th  yum 
ka ra ya  t h r o u g h  the  a l im e n t a r y  and d i g e s t i v e  t r a c t s .  The e lemental
d i e t  c o n s i s t s  o f  c a r b o h y d r a t e , p r o t e i n  and f a t  in  a form th a t  does
not r e q u i r e  i n t a c t  d i g e s t i v e  c a p a b i l i t i e s ;  i t s  components  a re  t o t a l ­
l y  d i g e s t e d  in  the  upper i n t e s t i n a l  t r a c t .
The i n d i c a t i o n s  t h a t  gum ka raya  i s  not degraded  to  any g r e a t  
e x t e n t  when i n g e s t e d  by the r a t  s u p p o r t s  the p r i o r  e v idence  o f  E l -  
senhans  et aj_. 913)  and by Brown et aj_. (15)  t h a t  gum ka raya  i s  an 
i n e r t  p o l y s a c c h a r i d e ,  undegraded by i n t e s t i n a l  b a c t e r i a .  S a l y e r s  et 
a l . (20,  21) have e s t a b l i s h e d  t h a t ,  o f  a l l  the s t r a i n s  o f  Bac-
t e r o i d e s  su r ve yed  in  the human co l o n ,  none u t i l i s e d  yum ka ra ya .
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CONCLUSIONS
Faeca l  e x t r a c t s  o b ta in e d  from r a t s  fed the  s t a n d a rd  
d i e t  supp lemented w i th  gum karaya  at 1 . 2 g / d a y / r a t  were 
shown to  be s i m i l a r  but not i d e n t i c a l  to  r e - e x t r a c t e d  
gum ka ra ya  (mixed w i th  f ae ce s  from c o n t r o l  r a t s  and 
r e - e x t r a c t e d ) .
Faeca l  e x t r a c t s  o b ta in e d  from r a t s  fed the  elementa l  
d i e t  supp lemented w i th  gum karaya  at  1 . 2 g / d a y / r a t  were 
shown to  be s i m i l a r  but not i d e n t i c a l  t o  gum ka ra ya .
I t  was not p o s s i b l e  to  determ ine  whether  the  gum ka raya  
e x t r a c t e d  from t e s t  f ae ce s  was deyraded  or  no t ,  p a r t ­
i c u l a r l y  t h ro u g h  the  d i f f i c u l t i e s  found to  be a s s o c i a t e d  
w i th  m o le c u l a r  we igh t  measurements o f  the  impure forms of  
the gum t h a t  were e x t r a c t e d .  There a re  a n a l y t i c a l  i n d i ­
c a t i o n s  t h a t  gum karaya  i s  not deyraded e x t e n s i v e l y  w i t h i n  
the  r a t  but i t  i s  not p o s s i b l e ,  from t h e se  e xp e r im e n t s ,  t o  
c onc lude  t h a t  the o r i g i n a l  gum karaya  macromo lecu le s  were 
c o m p le te l y  undegraded.
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SECTION V I I
ANALYTICAL STUDIES  OF SAMPLES OF CUM TRAGACANTH 
(GENUS ASTRAGALUS) OF IRANIAN AND TURKISH
ORIGIN
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V I I . 1 INTRODUCTION
V I I  . 1 ( a )  Gum t r a g a c a n t h  ( A s t r a g a l u s  s p p .)
A s t r a g a l  u s , the l a r g e s t  genus o f  the  Ang io spe rm s  ( f l o w e r ­
i n g  p l a n t s )  i s  a l s o  the  l a r g e s t  genus (16U0 s p e c i e s )  w i t h i n  the  Fam­
i l y  Legumi n o s a e , to which  gum a r a b i c  b e l ong s  ( 1 , 2 ) .  A s t r a g a l  us 
s p e c i e s  (1)  a re  found th r o u g h o u t  Turkey  ( 1 ) ,  the  Sahara  ( 3 ) ,  China  
( 4 ) ,  A f g h a n i s t a n  ( 5 ) ,  A f r i c a ,  Japan,  S y r i a  ( 6 ) ,  I r a n  ( 7 ) ,  Nor th -W est  
H im a la ya s ,  West P a k i s t a n  ( 8 ) ,  Egypt  ( 9 ) ,  A r g e n t i n a ,  B o l i v i a  and 
C h i l e  ( 1 0 ) .
The genus A s t r a g a l u s  can be d i v i d e d  b o t a n i c a l l y  i n t o  s u b ­
s e r i e s  a c c o r d i n g  to  whether  the  s p e c i e s  a re  annual  o r  p e r e n n i a l ,  
s h r u b s  o r  he rb s  and a c c o r d i n g  to  the type  o f  l e a v e s  they  p o s s e s s .
These s u b - s e r i e s  can be f u r t h e r  d i v i d e d  i n t o  d i f f e r e n t  s e c t i o n s ,  
which may c o n t a i n  from one to  o ve r  s i x t y  s p e c i e s .  These s u b - s e r i e s  
and s e c t i o n s  a re  d e t a i l e d  i n  Tab le  V I I . 1. Of the  1600 known A s t r a ­
gal  us  s p e c i e s ,  ve ry  few are  gum -bea r ing .  Three we l l - known  s p e c i e s  
produce  gum; A s t r a g a l  us gummi f e r  L a b i l l a r d i e r e ,  A s t r a g a l u s  m i c r o -  
c e p h a l u s  W i l ldenow  and A s t r a g a l  us ku rd i  cu s  B o i s s i e r .  A s t r a g a l  us 
gummi f e r  i s  found (Tab le  V I I . 1) in  s u b - s e r i e s  T r a g a c a n t h a , s e c t i o n  
P l a t o n y c h i u m ; A s t r a g a l  us mi c r o c e p h a l u s  and A s t r a g a l  us ku rd i  cus  occu r  
in  s u b - s e r i e s  T r a g a c a n t h a , s e c t i o n  Rhacophoru s  ( 1 , 6 , 7 ,  11 ) .
A s t r a g a l u s  m i c r o c e p h a l u s , and not the t r a d i t i o n a l l y  accepted





V I I . 1  : S u b - s e r i e s  o f  A s t r a g a l u s  (1 ,  6,  7,  11)
EP IGLOTT IS
E u p i g l o t t i s
H e rpo cau lo s
TR IMENIAEUS
E p i g l o t t i s  
O x y g l o t t i s  
P e n t a g l o t t i  s 
H a r p i l o b u s  
A n k y l o t u s  
Cyamodes 
A u l a c o l o b u s  
Buce ra s  
P I a t y g l o t t i  s 
F a l c i n e ! l u s  
C y c l o g l o t t i  s 
Drepanodes
HYPOGLOTTIS
D a s p h y l 1 i um
H y p o g l o t t i s
S t e r e o t h r i x
M a l a c o t h r i x
B r a c h y l o b i  um
Tap inode s
Hermiphragmium
E u h y p o g l o t t i  s
He te ro zyx
(4 )  PHACA
G l y c o p h y l l o s  
G a l e g i f o r m i s 
T h e i o c h r u s  
Ch r i  s t i a n a  





C o lu te o c a rp u s  
Aegacantha  
P s e u d o a s t e r e o t h r i
(5)  TRAGACANTHA
B r a c h y c a l y x  
P la tonych ium  
A d i a s p a s t u s  
Di acme 
Rhacophoru s  
M a c r o p h y l 1i um 
P te rop ho ru s  
S te n o n y ch y i  um
(6 ) CALYCOPHYSA
Hymenostegi  s
P o t e r i  um
M e g a l o c y s t i s
H a l i c a c a b u s




A l o p e c i a s
Grammocalyx
T r i c h o l o b u s
Campy!anthus
Eremophysa
(7 )  CERCIDOTHRIX
Euodmus 
C ra c c i  na 
O rn i th op od ium  
H o io le u ce  
Acm oth r ix  
S i  s y r o p h o r u s  
T r a c h y c e r c i  s 
P r o s e l i  us 
X i p h id i u m  
Ammondendrum 
M e la n o c e r c i  s 
C y s t i  um 
E re o ce ra s  
Tamias 
Cremoceras  
L e u c o c e r c i  s 
C a r a g a n e l 1 a
(8 )  CALYCOCYSTIS
E u s t a l e s
V u l n e r a r i a
S p h a e r o c y s t i  s
Cy s tode s
C y s t i c a l y x
L a g u r o p s i s
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q u a l i t y  gum t r a g a c a n t h  in  C en t ra l  and S o u t h - E a s t  A n a t o l i a  ( I E ) .  
Poo re r  q u a l i t y  gum t r a g a c a n t h ,  y i e l d e d  by A s t r a g a l u s  gummifer and 
A s t r a g a l u s  k u r d i c u s , i s  termed ' T r a g a n t ó n '  f o r  some commercial  p u r ­
po se s  (13,  14 ) .
The name ' t r a g a c a n t h ' , d e r i v e d  from the Greek t r a g o s  ( g o a t )  
and akantha  ( h o r n ) ,  p r o b a b l y  r e f e r s  to  the  b e s t  grade  o f  gum which 
i s  exuded in  l o n g ,  f l a t ,  f l e x i b l e ,  a lmost  opaque r i b b o n s .  The gum 
a l s o  o c c u r s  i n  a f l a k e  form which  te n d s  t o  be o v a l ,  da rk  and b r i t t l e  
( 1 5 ) .
Gum t r a g a c a n t h  i s  a h i g h l y  va lued  commercial  gum exuded from 
the  stems and r o o t s  o f  A s t r a g a l u s  s h r u b s  a f t e r  t a p p i n g  i . e .  i n c i ­
s i o n s  made w i th  a s p e c i a l  k n i f e  at  the  s t a r t  o f  the  hot ,  d r y  se a so n .  
As the  gum exudes ,  wate r i s  ab sorbed  from the  s u r r o u n d i n g  t i s s u e s ,  
the  gum e v e n t u a l l y  hardens  and s e a l s  the i n c i s i o n .  The f a c t  t h a t  
gum t r a g a c a n t h  i s  produced  immed ia te ly  a f t e r  i n c i s i o n s  a re  made 
l e a d s  to  the v iew (12)  t h a t  the gum p r e c u r s o r s  a re  a l r e a d y  p r e s e n t  
w i t h i n  the  p l a n t .  The gum a l s o  exudes  from p l a n t s  damaged by the  
wind o r  by g r a z i n g  a n im a l s ,  but the  be s t  q u a l i t y  gum i s  o b ta in e d  in  
r e sp o n se  t o  t a p p i n g .  Rap id d r y i n g  i n  calm,  ho t ,  d r y  weather g i v e s  
a lm o s t  c o l o u r l e s s  good grade  gum; du s t  s to rms  and r a i n  contam ina te  
the e xu d in g  gum w ith  s o i l  and sand and such sample s  a re  i n f e r i o r .  
Young s h r u b s  ( 1 - 5  y e a r s  o l d )  g i v e  be s t  q u a l i t y  gum (12,  15 ) .
Gum t r a g a c a n t h  i s  a complex p o l y s a c c h a r i d e  a s s o c i a t e d  w i th  
magnesium, c a l c i u m  and po ta s s ium  s a l t s ,  p r o t e i n a c e o u s  m a t e r i a l ,  c e l ­
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l u l o s e  and/or  s t a r c h .  The yum has a methoxyl  c o n te n t  o f  ca.  3% 
( 1 6 , 1 7 ) .  A 1% (w/v) aqueous  s o l u t i o n  o f  gum t r a g a c a n t h  i s  s l i g h t l y  
a c i d i c  (pH 5 - 6 )  (16 ,  13, 19 ) .  On a c i d i c  h y d r o l y s i s ,  the gum y i e l d s  
£  - g a l a c t u r o n i c  a c i d ,  £ - g a l a c t o s e ,  L - a r a b i n o s e ,  D - x y l o s e ,  _L 
- f u c o s e  and L - r h am nose  ( 2 0 ) .
Gum t r a g a c a n t h  i s  a ve ry  v a r i a b l e ,  complex s u b s t a n c e .  The 
f l ow  t imes  o f  aqueous  s o l u t i o n s  o f  commercial sample s  o f  gum t r a g a ­
canth  v a r i e d  (21 )  in  a s t a n d a r d i s e d  f l o w - t im e  t e s t ,  from <1 second  
t o  1700 s e co n d s ;  o n l y  f o u r  samples  had f l ow  t im e s  g r e a t e r  than  100 
s e co nd s .
Gum t r a y a c a n t h  i s  not co m p le te ly  w a t e r - s o l u b l e .  I t  i s  p o s s i ­
b le  t o  s e p a r a t e  a w a t e r - i n s o l u b l e  p o r t i o n  ( b a s s o r i n )  from a w a te r -  
s o l u b l e  p o r t i o n  ( t r a g a c a n t h i n ) . The r e l a t i v e  p r o p o r t i o n s  o f  the 
w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components  have been r e po r te d  to  
be 70%:30% ( 1 6 , 2 2 ) ,  60%:40% (23)  and 50%:50% ( 2 4 ) .
There have been d i v e r s e  r e p o r t s  c o n c e rn i n g  the  p o l y s a c c h a r i d e  
components  o f  gum t r a g a c a n t h .  S e l b y  (24 )  s t a t e d  t h a t  the  methoxyl  
c o n te n t  o f  the  gum was m a in l y  a s s o c i a t e d  w i th  t r a g a c a n t h i n ; F e l l e n -  
berg (25 )  r e po r te d  t h a t  th e re  was no methoxyl  co n te n t  in  t r a y a -  
c a n t h i n .  L a t e r ,  i t  was repo r ted  (26)  t h a t  methoxyl  g ro up s  were a s ­
s o c i a t e d  w i th  both b a s s o r i n  and t r a g a c a n t h i n .
James and Smith (17, 27) were a b le  to  f r a c t i o n a t e  gum t r a g a ­
canth  i n t o  th re e  components;  t r a g a c a n t h i c  a c i d ,  a n e u t r a l  p o l y s a c ­
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c h a r i d e  and a g l y c o s i d e ,  the n e u t r a l  p o l y s a c c h a r i d e  be ing  an a r a b i -  
n o g a l a c t a n .
A s p i n a i l  and B a i l l i e  (23)  s t u d i e d  a commercial  sample o f  gum 
t r a g a c a n t h ;  a f t e r  s e p a r a t i n g  the  gum i n t o  i t s  two components ,  the  
t r a g a c a n t h i n  was f r a c t i o n a t e d  f u r t h e r  i n t o  t r a g a c a n t h i c  a c i d  and an 
a r a b i n o g a l a c t a n . T r a g a c a n t h i c  a c id  which y i e l d e d  D - g a l a c t u r o n i c  
a c i d ,  _D -xy lo se ,  _L -fucose  and J 3 -g a l a c to se  on a c i d  h y d r o l y s i s ,  c on ­
s i s t e d  o f  l i n e a r  c h a i n s  o f  a - 1 ,  4 -  l i n k e d  _D-gal a c t u r o n i c  a c id  r e s i ­
dues ,  the  m a j o r i t y  o f  which c a r r i e d  _ D - x y l o s e - c o n t a i n i n g  s i d e - c h a i n s  
l i n k e d  t h ro u g h  carbon  3. Three t y p e s  o f  s i d e - c h a i n s  were i d e n t i ­
f i e d :  s i n g l e  6 -  D - x y l o p y r a n o s e  r e s i d u e s ;  d i s a c c h a r i d e  u n i t s  o f  2 -U -  
- a - L - f u c o p y r a n o s y l - _D -xy lopy rano se  and 2 - U - 6 -  _D-ga 1 a c t o p y r a n o s y l  - D-
x y l o p y r a n o s e .  On a c i d  h y r o l y s i s ,  the  a r a b i n o g a l a c t a n  y i e l d e d  L -
a r a b i n o s e ,  D - g a l a c t o s e ,  D - g a l a c t u r o n i c  a c id  and t r a c e s  o f  L -
rhamnose; i n t e r i o r  c h a i n s  o f  D - g a l a c t o s e  r e s i d u e s  were found to  be
s u r r o und ed  by L - a r a b i n o s e  r e s i d u e s .  F r a c t i o n a l  p r e c i p i t a t i o n  o f  
t r a g a c a n t h i n , by a d d i t i o n  o f  e t h a n o l ,  led to  p o l y s a c c h a r i d e  f r a c ­
t i o n s  which  d i f f e r e d  marked ly  in  o p t i c a l  r o t a t i o n ,  e q u i v a l e n t  w e igh t  
and s u g a r  c o m p o s i t i o n .  Some o f  the se  f r a c t i o n s  appeared  to  c o n s i s t  
l a r g e l y  o f  e i t h e r  t r a g a c a n t h i c  a c i d  o r  a r a b i n o g a l a c t a n .
The w a t e r - i n s o l u b l e  p o r t i o n  ( b a s s o r i n )  o f  gum t r a g a c a n t h  which 
d i s s o l v e d  p a r t i a l l y  i n  d i l u t e  aqueous ammonium h y d r o x i d e ,  remained 
in  s o l u t i o n  a f t e r  a c i d i f i c a t i o n .  Graded p r e c i p i t a t i o n  w i th  ethano l  
gave f r a c t i o n s  s i m i l a r  t o  t h o s e  i s o l a t e d  from the  w a t e r - s o l u b l e  com­
ponent .  The a l k a l i - i n s o l u b l e  component appeared  to  be a g lucan
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w i th  a d h e r i n g  t r a g a c a n t h i c  a c i d  and a r a b i n o g a l a c t a n .
V I I »1(b)  P r o p e r t i e s  and u ses  of  gum t r a g a c a n t h
Gum t r a y a c a n t h  i s  w id e l y  used as  a n a t u r a l  e m u l s i f i e r  and 
t h i c k e n e r  i n  the  food ,  d rug  and a l l i e d  i n d u s t r i e s .  The food i n d u s ­
t r y  i s  the  major  market f o r  gum t r a g a c a n t h  hence i t  i s  e s s e n t i a l  
t h a t  the  gum has no harmful  e f f e c t s  when i n g e s t e d .  The gum, a c c e p t ­
ed w i t h i n  the USA s i n c e  1961 as  ' G e n e r a l l y  R eco gn i s ed  as  S a f e 1 
(GRAS) a t  the  0 .2  -  1.3% l e v e l  in  f o o d s t u f f s  ( 2 8 , 2 9 )  i s  used  e x t e n ­
s i v e l y  i n  s a l a d  d r e s s i n g s ,  r e l i s h e s ,  s a u ce s ,  cond iment b a se s ,  sweet 
p i c k l e  l i q u o r s ,  s o f t - j e l l i e d  p r o d u c t s ,  t h i c k  b r o t h s ,  beverage  and 
bakery  e m u l s i o n s ,  i c e s  and s h e rb e t s  bakery  t o p p i n g s  and f i l l i n g s  
and c o n f e c t i o n e r y  cream c e n t r e s  ( 1 5 ) .
Gum t r a g a c a n t h  d i s p e r s i o n s  have a s o o t h i n g  and l u b r i c a t i n g  a c ­
t i o n  i n  m e d i c a t i o n s  such a s  o in tm en t s  f o r  bu rns  ( 3 0 ) .
The h i g h  v i s c o s i t y  o f  gum t r a g a c a n t h  in  wate r  a t  low co ncen ­
t r a t i o n  makes i t  u s e f u l  f o r  p r e p a r i n g  aqueous s u s p e n s i o n s  o f  i n s o l u ­
b le  s u b s t a n c e s  f o r  t o x i c i t y  s t u d i e s  o f  o r a l l y  a d m in i s t e r e d  p ro duc t s  
such as  ph ena ce t in  ( 3 1 ) ,  k a o l i n  ( 3 2 ) ,  bar ium s u l p h a t e  (33)  and p a r a ­
cetamol ( 3 4 ) .
V I 1 . 1 (c )  _A s h o r t  rev iew  o f  d i e t a r y  s t u d i e s  o f  gum t r a g a c a n t h  in  
a n im a l s  and in Man
Gum t r a g a c a n t h  has been repo r ted  (3b,  36)  to  i n h i b i t  the 
growth  o f  a s c i t e s  tumour c e i l s  in  mice .  The b e t t e r  g rade  samples  
were found to  have a g r e a t e r  i n h i b i t o r y  e f f e c t ,  a l t h o u g h  the  e f f e c t  
was p r e s e n t  i n  a l l  g r a d e s .
Vohra and K r a t z e r  (37)  conc luded  th a t  gum t r a g a c a n t h ,  fed to 
c h i c k e n s  in  a n u t r i t i o n a l l y - b a l a n c e d  d i e t  a t  a l e v e l  o f  2% (w/w), 
caused  a d e p r e s s i o n  in  t h e i r  growth . But when gum t r a g a c a n t h  was 
i n c o r p o r a t e d  i n t o  the  d i e t  o f  c o c k e r e l s  at  3% (w/w), t o x i c  e f f e c t s  
were not ob se rved  ( 3 b ) .
A 1% (w/v) s o l u t i o n  o f  I r a n i a n  gum t r a g a c a n t h  caused  the  death  
o f  a l l  f o e t u s e s  when a d m in i s t e r e d  to  p regnant  mice ,  between the  11th 
and 2 1 s t  day o f  g e s t a t i o n ,  as p e r i t o n e a l  i n j e c t i o n s  but not when ad­
m i n i s t e r e d  o r a l l y  or  s u b c u t a n e o u s l y . The f e t o t o x i c  e f f e c t  o f  the  
gum was a s c r i b e d  to  the m e ta b o l i c  p ro d u c t s  from e n t e r o b a c t e r i a  
p r e s e n t  in  the  sample,  w i th  a d i r e c t  e f f e c t  on the  u t e r u s  and i t s  
v a s c u l a r  sy stem ( 3 9 ) .
Boyd (4U) repo r ted  t h a t  gum t r a g a c a n t h ,  fed to  a l b i n o  r a t s  at 
c o n c e n t r a t i o n s  o f  2% (w/v) in  do sage s  o f  2g/kg eve ry  9li m inutes  to  
g i v e  f i n a l  dose l e v e l s  of  b, 9, ID and 12g/ky/day by o ra l  o r  i n t r a -  
g a s t r i c  r o u t e s ,  caused  l e t h a l  and t o x i c  r e a c t i o n s .  An i n i t i a l  t o x i c  
r e a c t i o n ,  d u r i n g  the f i r s t  two days  a t  a l l  dose l e v e l s ,  was f o l l o w ed
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by a d a p t a t i o n  and deve lopment o f  t o l e r a n c e  in some c a s e s .  The t o x i c  
symptoms i n c l u d e d  dy spnoea ,  p a l l o r ,  c o n v u l s i o n s ,  marked l o s s  o f  body 
w e ig h t ,  h ypo the rm ia ,  g l y c o s u r i a ,  a c i a u r i a  and f i n a l l y  dea th .  Au top ­
sy  r e v e a le d  l o c a l  i n f l a m m at io n  o f  the  he a r t  and stomach and c o n g e s ­
t i o n  and a e g e n e r a t i o n  o f  many o r g a n s .  C on t ro l  a n im a l s  d id  not show 
a d v e r s e  r e a c t i o n s  t o  the  l a r g e  amounts o f  wate r g i v e n .
The dose  l e v e l s  o f  gum t r a g a c a n t h  iri the  above s tu dy  were ve ry  
h i g h  i n  compar i son  to  the  q u a n t i t i e s  used in  f o o d s t u f f s .
E l s e n h a n s  et  a l . (41)  i n v e s t i g a t e d  the  e f f e c t  o f  gum t r a g a ­
can th  on r a t  i n t e s t i n a l  t r a n s p o r t  o f  m o no sac cha r ide s  and n e u t r a l  am­
ino  a c i d s  in  v i t r o  u s i n g  r i n g s  o f  r a t  smal l  i n t e s t i n e .  The s u b ­
s t a n c e s  used w e rea -m e thy l - D - g l u c o s i d e ,  D - g a l a c t o s e ,  L - l e u c i n e  and 
L - p h e n y 1a l a n i n e .  Gum t r a g a c a n t h  was found to  a f f e c t  t h e i r  up take as 
i t  r a i s e d  the  v i s c o s i t y  o f  the  medium, c r e a t i n g  a p h y s i c a l  b a r r i e r  
in  the  form o f  an u n s t i r r e d  l a y e r .  The p r o c e s s  c o u ld  be r e ve r se d  by 
wash ing  the  t i s s u e  f r e e  o f  p o l y s a c c h a r i d e  o r  by i n c r e a s i n g  the  a g i ­
t a t i o n  o f  the  m i x t u r e .  Whole gum t r a g a c a n t h  was not used i n  t h i s  
s t u d y ;  the  w a t e r - i n s o l u b l e  component, b a s s o r i n ,  had been removed to  
le a ve  o n l y  the w a t e r - s o l u b l e  component, t r a g a c a n t h i n .
S t r o b e l  et aj_. (42)  i n v e s t i g a t e d  the  immune re spo n se  o f  gum 
t r a g a c a n t h  in  mice;  the gum e l i c i t e d  a re spo n se  comparab le  to  t h a t  
produced by h e n ' s  egg a lbumin .
T r a n s m i s s i o n  e l e c t r o n  m ic ro s co py  was used (44 )  to  examine the
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u l t r a s t r u c t u r e  o f  r a t  h e a r t s  and l i v e r s  a f t e r  gum t r a g a c a n t h  had 
been i n c l u d e d  in  the  d i e t  a t  0 .05% ,  1 .5%,  2.5% and 3.5% (w/w) f o r  91 
da y s .  A b n o r m a l i t i e s  were not de tec ted  in  any o f  the  o r g a n e l l e s  in  
th e  h e a r t  and l i v e r  spec imens  from any o f  the  t e s t  a n im a l s .  No
p a t h o l o g i c a l  changes  were ob se rved ;  a l l  m i c r o g r a p h s  showed normal 
h e a l t h y  t i s s u e s .  Data from a s s a y s  o f  the  microsomal p r o t e i n  and
cytochrome P450 c o n t e n t s  o f  the l i v e r s  showed t h a t  the  gum d id  not 
cause  any i n d u c t i v e  e f f e c t s  ( 4 3 ) .  These r e s u l t s  t h e r e f o r e  d i d  not 
s u p p o r t  the s u g g e s t i o n s  o f  Bachmann and Zb inden  (44 )  and Bachman _et 
a l . (45)  t h a t  gum t r a g a c a n t h  c a u se s  i n d u c t i v e  changes  i n  the f u n c ­
t i o n  o f  r a t  hea r t  and l i v e r  m i t o c h o n d r i a .  However, they  do c o n f i rm  
a r e p o r t  by Zb inden (46)  t h a t  i n g e s t i o n  o f  gum t r a g a c a n t h  does not
produce a b n o r m a l i t i e s  in  the  c a r d i a c  f u n c t i o n  o f  r a t s .
In  1984, a d i e t a r y  s t u d y  o f  gum t r a g a c a n t h  in  human v o l u n t e e r s  
was r e po r te d  ( 4 7 ) .  A f t e r  a c o n t r o l  p e r i o d  o f  7 day s ,  5 male
v o l u n t e e r s  i n c o r p o r a t e d  9 .9 g  gum t r a g a c a n t h  d a i l y  i n t o  t h e i r  d i e t
f o r  21 d a y s .  Measurements made be fo re  and a f t e r  the t e s t  p e r i o d  
showed t h a t  i n g e s t i o n  o f  gum t r a g a c a n t h  had no s i g n i f i c a n t  e f f e c t  on 
the  f o l l o w i n g :  plasma b i o c h e m i s t r y ,  h ae m ato lo g i c a l  i n d i c e s ,  u r i ­
n a l y s i s  p a ram ete r s ,  g l u c o s e  t o l e r a n c e ,  serum c h o l e s t e r o l ,  t r i g l y ­
c e r i d e s ,  p h o s p h o l i p i d s ,  b rea th  hydrogen and b rea th  methane concen ­
t r a t i o n s .  The i n t e s t i n a l  t r a n s i t  t ime  i n c r e a s e d  and f a e ca l  f a t  c o n ­
c e n t r a t i o n s  i n c r e a s e d  in  4 of  the 5 s u b j e c t s .  Faeca l  wet and dry  
w e ig h t s  i n c r e a s e d  in  a l l  s u b j e c t s .  No ad ve r se  e f f e c t s  were ob ­
s e r v e d .  The d a i l y  i n t a k e  was ve ry  h i gh  in  r e l a t i o n  t o  the  smal l
amounts n o rm a l l y  used  in  f o o d s t u f f s ;  on the  b a s i s  o f  UK and EEC irn-
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p o r t  s t a t i s t i c s ,  the  amount i n g e s t e d  i n  f o o d s t u f f s  can be e s t im a ted  
at  o n l y  ca 2g pe r  per son  pe r  annum w i t h i n  the U.K.  i f  the  amounts 
imported  a re  consumed e q u a l l y  by a l l  members o f  the  p o p u l a t i o n .
V I I  . 1 ( d )  O b je c t i  ves
The aims o f  the s t u d i e s  undertaken  were:  (a)  to  determine  
and compare the  p h y s i c o - c h e m i c a l  pa ramete rs  o f  s e v e r a l  commercial 
samples  o f  yum t r a g a c a n t h  o f  I r a n i a n  and T u r k i s h  o r i y i n  and to  i n ­
v e s t i g a t e  the  n a tu re  o f  the  d i f f e r e n c e s  between them; (b )  to  attempt  
to  c l a r i f y  c o n f l i c t i n g  r e p o r t s  e . g .  c o n c e rn in g  the r a t i o  o f  the 
w a t e r - i n s o l u b l e  t o  w a t e r - s o l u b l e  components  and (c )  t o  c h a r a c t e r i s e  
th e  sample o f  yum t r a g a c a n t h  used as  the  Test  A r t i c l e  in  the  d i e t a r y  
s t u d y  in  Man ( 4 7 ) .
VI 1 . 2 METHODS AND MATERIALS
V I I  . 2 ( a )  Or i  g i n  of  samp!es
Commercial  samples  o f  food grade  gum t r a g a c a n t h  o f  I r a n i a n  
o r i g i n  were s u p p l i e d  by major im p o r te r s  in  West Germany (s ample s  
1 , 2 , 3  and 7) and in Great B r i t a i n  ( samples  4 , 5  and 6 ) .  Commercial 
sample s  o f  gum t r a g a c a n t h  o f  T u r k i s h  o r i g i n  ( samples  t í -12) were s u p ­
p l i e d  by a major T u r k i s h  e x p o r t e r ,  who a l s o  s u p p l i e d  a sample of  
1 T r a g a n t ó n 1.
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The sample s  o f  gum t r a g a c a n t h  from A s t r a g a l u s  gummifer Labi  1 - 
l a r d i e r e  and A s t r a g a l  us m l c r o c e p h a lu s  W i l ldenow  were c o l l e c t e d  at  
H izan  i n  the B i t l i s  p r o v i n c e  o f  E a s t  A n a t o l i a  by Dr .  M. Dogan and 
Dr.  T. Ekim in  Augus t  1984. Re fe rence  vo uch e r s  f o r  t h e se  samples  
a re  lodged  at  Ankara  U n i v e r s i t y  HerDarium (ANKA).  The sample o f  gum 
t r a g a c a n t h  from A s t r a g a l u s  k u r d i c u s  B o i s s i e r  was p ro v id e d  by Hr. S .  
T a ran to  o f  I s t a n b u l .
V I I  . 2 ( b )  A n a l y t i c a l  methods
M o i s t u r e , ash  and methoxyl  c o n t e n t s , i n t r i  n s i c  v i  s c o s i  t y , 
and mol e c u ! a r  wei ght determi na t i  ons and amino a c id  a n a l y s e s  were 
c a r r i e d  out  as  d e t a i l e d  in  S e c t i o n  I I  o f  t h i s  T h e s i s .
N i t r o g e n  co n te n t s  were determined by the  C hem is t r y  Department,  
S t .  Andrews U n i v e r s i t y ,  w i th  a C a r l o - E r b a  A u t o a n a l y s e r .
V i s c o s i t y  d e t e r m i n a t i o n s  were made w i th  a B r o o k f i e l d  S y n c h r o -  
e l e c t r i c  v i s c o m e t e r ,  Model RVF ( B r o o k f i e l d  E n g i n e e r i n g  L a b o r a t o r i e s , 
S t o ugh to n ,  M a s s a c h u s e t t s ) .  S o l u t i o n s  (1%, w/v) were p repared  by 
w e t t i n g  the  gum sample w i th  d ro p s  o f  e t h a n o l ,  add in g  d i s t i l l e d  water 
and a l l o w i n g  h y d r a t i o n  t o  take  p la ce  o ve r  24 h o u r s .  B r o o k f i e l d  
s p i n d l e  3 was used at 20 rpm in  a l l  d e t e r m i n a t i o n s  at 2U°C.
A n a l y s e s  o f  s u g a r s . Samples (ca .  2UU mg) were hyd ra ted  o v e r ­
n i g h t  then made 0.5M w i th  r e s p e c t  to  s u l p h u r i c  a c i d  and h y d r o l y s e d  
o v e r n i g h t  in  a b o i l i n g  wate r bath .  The h y d r o l y s a t e  was t r e a t e d  as
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d e t a i l e d  i n  S e c t i o n  I I  o f  t h i s  T h e s i s .  Fo r  paper  ch ro m a to g ra p h i c  
s e p a r a t i o n s ' ,  the  e l u a n t  was e t h a n o l ,  h y d r o c h l o r i c  a c i d  (U .1M),  bu­
t ano l  ( I D  : 5 : 1, v / v ) .
V 11 . 2 ( c J S e p a r a t i o n  o f  gum t r a g a c a n t h  i nto  w a te r - i n s o l u b l e  
and w a te r - s o l u b l e  components
Gum t r a g a c a n t h  (6g )  was d i s p e r s e d  in  d i s t i l l e d  water  (9U0 
ml )  and s t i r r e d  g e n t l y  o v e r n i g h t .  The m ix tu re  was c e n t r i f u g e d  ( S o r -  
v a l l  RC-SB r e f r i g e r a t e d  Superspeed  c e n t r i f u g e )  f o r  35 m inute s  at  
10 ,000  rpm. The w a t e r - s o l u b l e  s u p e rn a t a n t  was decanted  o f f .  The 
w a t e r - i n s o l u b l e  component was l e f t  o v e r n i g h t  in  d i s t i l l e d  wate r ;  the 
m i x t u r e  was c e n t r i f u g e d  as  be fo re  and the  w a t e r - s o l u b l e  s u p e rn a t a n t  
was decanted  and added to  the  f i r s t  e x t r a c t .  The w a t e r - s o l u b l e  com­
ponent was c o n c e n t r a t e d  by r o t a r y  e v a p o r a t i o n .  Both components  were 
f r e e z e - d r i e d .
V I I . 3 RESULTS
Tab le  V I I . 2 p r e s e n t s  a n a l y t i c a l  da ta  f o r  seven commercial 
sample s  o f  gum t r a g a c a n t h  from I r a n .  Tab le  V I I . 3 p r e s e n t s  a n a l y t i ­
cal  da ta  f o r  s i x  commercial  samples  o f  gum t r a g a c a n t h  from Turkey .  
Tab le  V I 1 . 4 p r e s e n t s  a n a l y t i c a l  da ta  f o r  gum t r a g a c a n t h  samples  from 
A s t r a g a l  us  k u r d i c u s , A s t r a g a l  us gummi f e r  and A s t r a g a l  us  mi c r o -  
ce p h a l u s  and f o r  a sample o f  ‘T r a g a n t ó n 1 from Turkey .  Tab le s  V I I . 5, 
V I I . 5 and V I I . 7 p re se n t  a n a l y t i c a l  data  f o r  the w a t e r - i n s o l u b l e  and
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w a t e r - s o l u b l e  components  o f  samples  1, 3, 4, 5, 6 and 7 from I r a n  
and f o r  sam p le s  8, 9, 10,  11, 12, ' T r a g a n t ó n 1 and a sample from A s -  
t r a g a l u s  k u r d i c u s , from Turkey.
F i g u r e s  V I I . 2 to  V I I . 11 d e t a i l  amino a c i d  p r o f i l e s  f o r  s e v e r a l  
o f  the  whole gum t r a g a c a n t h  sample s  and f o r  some o f  t h e i r  w a te r -  
i n s o l u b l e  and w a t e r - s o l u b l e  components.  F i g u r e  V I I . 2 a l s o  p r e s e n t s  
the  amino a c i d  p r o f i l e  f o r  a sample o f  gum a r a b i c  ( A c a c ia  S e n e g a l ).
V I I . 4 D ISCUSS ION
V I 1 . 4 ( 1 )  Gum t r a g a c a n t h  samples  from I ran
A n a l y t i c a l  da ta  f o r  seven gum t r a g a c a n t h  sample s  from I r a n  a re  
d e t a i l e d  in  Tab le  V I I . 2. M o i s t u r e  c o n te n t s  were found to  v a r y  from 
10 .3% t o  12 .6% ;  a sh  c o n t e n t s  from 3.3% to  4 .1%;  p r o t e i n  c o n t e n t s  
from 0 .50%  to  3 .25%  and B r o o k f i e l d  v i s c o s i t i e s  from 260 c e n t i p o i s e  
t o  3385 c e n t i p o i s e .
A l l  sample s  gave the  f o l l o w i n g  s u g a r s  on a c i d i c  h y d r o l y s i s ;  
D_ -ga lac tu ron ic  a c i d ,  J3-gal a c t o s e ,  J_ -a rab ino se ,  _D -xy lo se ,  _L -fucose,  
L-rhainnose and t r a c e s  (<1%) o f  U-gl  u c u r o n i c  a c i d  and D - g l u c o s e .  
There were however v a r i a t i o n s  in  the  s u g a r  r a t i o s  g i v e n  by the  d i f ­
f e r e n t  s am p le s .  The predominant  s u g a r s  in  sample s  1 and 2 were _L- 
f u c o se  and D - x y l o s e ;  in  samples 3 , 4 , 5 , 6  and 7 the  major s u g a r  com­
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The r a t i o s  o f  the  w a t e r - i n s o l u b l e  t o  w a t e r - s o l u d I e components  
v a r i e d  from 4U :60  to  65 :35 .
The seven samples  s t u d i e d  r e p re se n te d  d i f f e r e n t  commercial 
g rade s  o f  gum t r a g a c a n t h ;  f o r  commercial p u rp o se s ,  v i s c o s i t y  and 
c o l o u r  a re  the  most im po r tan t  d e t e r m i n a t i o n s  o f  q u a l i t y .  The gum 
samples  s t u d i e d  show v a r i a t i o n  i n  p r o t e i n ,  methoxyl  and s u g a r  c o n ­
t e n t s ,  i n  B r o o k f i e l d  v i s c o s i t y  and in  the r a t i o s  o f  the w a te r -  
i n s o l u b l e  to  w a t e r - s o l u b l e  components .  The be s t  q u a l i t y  sample 1, 
was found t o  have the  h i g h e s t  m ethoxy l ,  _L -fucose,  _u -xy lo se  ana jj-  
g a l a c t u r o n i c  a c i d  c o n t e n t s ,  the  h i g h e s t  B r o o k f i e l d  v i s c o s i t y ,  the  
h i g h e s t  r a t i o  o f  w a t e r - i n s o l u b l e  to  w a t e r - s o l u b l e  component and the 
l ow es t  p r o t e i n  c o n te n t .
The n i t r o g e n  con ten t  o f  the  gum t r a g a c a n t h  samples  was shown 
to  be p r o t e i n a c e o u s ; the  amino a c i d  p r o f i l e s  a re  d e t a i l e d  in  F i g u r e s  
V I I . 2 to  V I I . 5.  In  a l l  c a s e s ,  the  prominent amino a c i d s  were hy -  
d r o x y p r o l i n e , p r o l i n e ,  s e r i n e  and v a l i n e ,  p l u s  a s p a r t i c  a c id  in  sam­
p le s  1, 5 and 7 and h i s t i d i n e  in  samples  3, 4 and 6. The amino a c i d  
p r o f i l e s  f o r  the  I r a n i a n  gum t r a g a c a n t h  samples  were s i m i l a r  to  t h a t  
f o r  gum a r a b i c  ( F i g u r e  V I I . 2) in  which the  p rominent  amino a c i d s  are 
h y d r o x y p r o l i n e ,  s e r i n e ,  p r o l i n e ,  l e u c i n e  and a s p a r t i c  a c i d .  Gum 
a r a b i c  (A c a c i a  s e n e g a ! ) i s  a l s o  d e r i v e d  from t r e e s  b e l o n g i n g  to  the 
Fami ly  Le gum ino sae .
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V I I . 4 ( 2 )  Gum t r a g a c a n t h  samples  from Turkey
A n a l y t i c a l  da ta  f o r  gum t r a g a c a n t h  sample s  from Turkey  a re  
d e t a i l e d  in Tab le  V I I . 3. M o i s t u r e  c o n te n t s  were found to  v a ry  from 
10 .6% t o  12 .8%;  ash  c o n t e n t s  from 3.5% t o  7.1%;  p r o t e i n  c o n te n t s  
from 2 .13%  to  3 .31% ;  methoxyl  c o n te n t s  from 2.6% to  4.0% and B ro o k ­
f i e l d  v i s c o s i t i e s  from 40 c e n t i p o i s e  to  540 c e n t i p o i s e .
A l l  samples  y i e l d e d  the  f o l l o w i n g  s u g a r s  on a c i d  h y d r o l y s i s ;  JJ 
-ga l  a c t u r o n i c  a c i d ,  J _ - g a l a c t o s e ,  J _ -a rab ino se ,  _U-xy lo se,  _L -fucose,  
L -rhamnose  w i th  t r a c e s  (<1%) o f  j j - g l u c u r o n i c  a c id  and _0 -g lu co se .  
The p redominant s u g a r s  were L - a r a b i n o s e  and D - x y l o s e  i n  sample s  8, 9 
and 10 and _L -a rab ino se  and jj-ga 1 a c t o s e  in  samples  11 and 12. The 
r a t i o  o f  the  w a t e r - i n s o l u b l e  to  w a t e r - s o l u b l e  component was 50 :50  in  
a l l  f i v e  sam p le s .  The B r o o k f i e l d  v i s c o s i t i e s  o f  the  T u r k i s h  gum 
t r a g a c a n t h  samples  were found to  be g e n e r a l l y  lower  than  th o s e  o f  
the I r a n i a n  gum t r a g a c a n t h  samples .
The amino a c id  p r o f i l e s  f o r  the T u r k i s h  samples  8 -1 2  a re  de ­
t a i l e d  i n  F i g u r e s  V I I . 7, V I I . 8 and V I I . 9. As f o r  the  I r a n i a n  sam­
p l e s ,  in  a l l  c a s e s ,  the most prominent amino a c i d s  were h y d r o x y p r o -  
l i n e ,  s e r i n e ,  p r o l i n e  and v a l i n e ,  p l u s  h i s t i d i n e  in  sample s  8, 9, 10 
and 11 and a s p a r t i c  a c i d  in  sample 12. These r e s u l t s  c o r r e l a t e  wel l  
w i th  t h o s e  f o r  the  I r a n i a n  sam p le s ,  d e m o n s t r a t i n g  t h a t  the  p r o t e i n  
con ten t  o f  the  twe lve  samples were s i m i l a r ,  a l t h o u g h  t h e i r  s u g a r  
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A n a l y t i c a l  da ta  f o r  ' T r a g a n t ó n '  and the  gum t r a g a c a n t h  samples  
from A s t r a g a l  us ku rd i  cus and A s t r a g a l  us gummi f e r  from Turkey  a re  de -  
t a i l e d  in  Tab le  V I I . 4.  M o i s t u r e  c o n te n t s  were found to  v a ry  from 
9 .9%  t o  13 .1% ;  a sh  c o n t e n t s  from 2.0% to  2 .9%; p r o t e i n  c o n t e n t s  from 
2.50%  to  2 .88% ;  methoxyl  c o n te n t s  from 0.7%  to  0.9%  and the  r a t i o s  
o f  t h e i r  w a t e r - i n s o l u b l e  to  w a t e r - s o l u b l e  components  ranged  from 
60 :40  to  70 :30 .  A n a l y t i c a l l y ,  t h e se  th ree  samples  a re  ve ry  s i m i l a r ;  
t h e i r  p redominant  s u g a r s  were _L - a r a b i n o s e  and D_ - g a l a c t o s e .  These 
samples  can t h e r e f o r e  be rega rded  as  a r a b i n o g a l a c t a n s  w i th  t r a c e s  o f  
0 - g a l a c t u r o n i c  a c i d ,  D - x y l o s e ,  L - f u c o s e  and j_-rhamnose.
M ac rom o lecu le s  c o n t a i n i n g  L - a r a b i n o s e  and _ 0 -ga lac to se  have 
been found i n  many p l a n t  t i s s u e s .  In some s i t u a t i o n s  they  have been 
i s o l a t e d  as  p o l y s a c c h a r i d e s  f r e e  from a s s o c i a t e d  p r o t e i n ;  in  o th e r  
c a s e s  th ey  o c cu r  in  c o v a l e n t  a s s o c i a t i o n  w i t h  p r o t e i n  ( 4 8 ) .  Gum 
a r a b i c  ( A c a c ia  s e n e g a ! ) wh ich ,  l i k e  gum t r a g a c a n t h  (A s t r a g a l u s  s p p . )  
b e l o n g s  to  the  f a m i l y  Le gum ino sae , has been termed an 
a r a b i n o g a l a c t a n - p r o t e i n  ( 4 9 ) .
The amino a c id  p r o f i l e s  f o r  ' T r a g a n t ó n '  and the samples  from 
A s t r a g a l  us gummi f e r  and A s t r a g a l u s  k u r d i c u s  a re  d e t a i l e d  in  F i g u r e s  
V I I . 1 U  and V I I . 11. In  a l l  th ree  samples ,  the. most p rominent  amino 
a c i d s  were h y d r o x y p r o l i n e ,  a s p a r t i c  a c i d ,  s e r i n e  and v a l i n e  p l u s  
a l a n i n e  in  ‘ T r a y a n t o n ' ,  l e u c i n e  i n  the sample from A s t r a g a l  us  gum­
mi f e r , and h i s t i d i n e  in  the sample from A s t r a g a l u s  k u r d i c u s . There 
was good c o r r e l a t i o n  between the amino a c i d  p r o f i l e s  o f  th e se  sam­

























































































































CNJ LO co CO LO• e e • co
CXJ CO o CO CO r— C\J C\J s t • •T— *— *— c o (XI T - LO
CD o r  
Or <XJ
CO *3*<r CO cd
• • •






fd ZDCJ) CJ t— CDrd •r— • •

































co • r - CD cz
•r— CJ i— CD
C D id j D cz
>> Z3 o
id J D o r— C l
id o ■r— o E
S - c f ' CO O
r\ rt ~o o CD CD * c CJ
CD c= €* I--- > > S- 00 C D CD •r—
S- fd CD c > > _ c Z3 O O ** 00 CD
ZD CD • I— X 4-> 4-> c CD CD O t—
+-> O CD o S- CJ CJ •r— 00 00 sz o JO
00 w\ S - 4-> _ c CD id id -Q O O E •I— ZDs z 4-> O 4-J +-» i— r— id i— CJ rd -M i—
o C D • r— S- CD M— (d id C- > > ZD _cz rd O






























































I t  has been re p o r te d  t h a t  ' T r a g a n t ó n '  i s  d e r i v e d  from A s t r a ­
gal  us  k u r d i c u s  and/or  from A s t r a g a l u s  gummifer (13,  14) and t h a t  i t  
i s  a low q u a l i t y  v a r i a n t  o f  t r u e  gum t r a g a c a n t h .  I t  has been e s t a ­
b l i s h e d  he re ,  t h a t  gum ' T r a g a n t ó n '  and the  gums from A s t r a g a l u s  k u r ­
d i c u s  and A s t r a g a l u s  gummifer have s i m i l a r  s u g a r  and amino a c id  com­
p o s i t i o n s .
A n a l y t i c a l  da ta  f o r  the  T u r k i s h  sample o f  gum t r a g a c a n t h  from 
A s t r a g a l  us m i c r o c e p h a lu s  a re  d e t a i l e d  i n  Tab le  V I I . 4. The m o i s t u r e  
c o n te n t  was 13 .7%;  ash c o n te n t ,  3 .3% ;  p r o t e i n  c o n te n t ,  3 .65% ;  
methoxy l  c o n t e n t ,  3.3% and the r a t i o  f o r  the  w a t e r - i n s o l u b l e  to  
w a t e r - s o l u b l e  components  was 35 :65 .  The s u g a r s  y i e l d e d  on a c i d  h y ­
d r o l y s i s  were D_ - g a l a c t u r o n i c  a c i d ;  D_ - g a l a c t o s e ;  _L - a r a b i n o s e ;  JJ 
- x y l o s e ;  _L - f u c o s e  and _L -rhanmose w i th  t r a c e s  (<1%) o f  _D - g l u c u r o n ­
i c  a c i d  and £  - g l u c o s e .  The most p redominant s u g a r s  were L_ - a r a b i ­
nose  and _0 - x y l o s e ;  t h i s  i s  comparable to  samples  3 , 4 , 5 , 6  and 7 from
I r a n  and sample s  8 ,9  and 10 from Turkey .
The amino a c i d  p r o f i l e  f o r  the  T u r k i s h  sample from A s t r a g a l  us 
m i c r o c e p h a lu s  ( F i g u r e  V I I . 11) was s i m i l a r  to  the  gum t r a g a c a n t h  sam­
p l e s  1-7 from I r a n  and samples  8 -13  from Turkey .
These r e s u l t s  s u b s t a n t i a t e  the  f a c t  t h a t  A s t r a g a l  us mi c r o ­
cepha l  us i s  now accepted  as  the  major  s ou r ce  o f  T u r k i s h  commercial  
gum t r a g a c a n t h  ( 1 2 ) .
H y d r o x y p r o l i n e  was the most p rominent  amino a c i d  in  a l l  the
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gum t r a g a c a n t h  samples  s t u d i e d .  At  one t ime,  h y d r o x y p r o l i n e  was 
c o n s i d e r e d  t o  be a c o n s t i t u e n t  o f  o n l y  animal  p r o t e i n s ,  but i t s  
p re sence  in  p l a n t s  i s  becoming i n c r e a s i n g l y  a ppa ren t .  
H y d r o x y p r o l i n e - c o n t a i n i n g  g l y c o p r o t e i n s  are im po r tan t  c o n s t i t u e n t s  
o f  p l a n t  c e l l s  h a v in g  a s t r u c t u r a l  r o l e  in  the  p r im a ry  c e l l  w a l l .
Very h i g h  p r o p o r t i o n s  o f  h y d r o x y p r o l i n e  a re  a l s o  found in  gum 
a r a b i c  (A c a c ia  S e n e g a l ) ( 4 9 , 5 1 )  and in  the  gums from P r o s o p i s  spp.  
( 5 2 ) .  The genera  A s t r a g a l  u s , A ca c ia  and P ro sop i  s a re  members o f  the  
F a m i l y  L e g u m in o sa e ; gums from genera  in  o t h e r  F a m i l i e s  e . y .  S t e r c u -  
1 ia  (53)  do not c o n t a i n  h i g h  p r o p o r t i o n s  o f  h y d r o x y p r o l i n e .  In  the  
animal  c o n n e c t i v e  t i s s u e  p r o t e i n s ,  c o l l a g e n  and e l a s t i n ,  h y d r o x y p r o -  
l i n e  p l a y s  a un ique  r o l e  i n  s t a b i l i s i n g  t h e i r  h e l i c a l  s t r u c t u r e s  
( 5 4 - 5 6 ) .
I t  has been demonst ra ted  (23 )  t h a t  gum t r a g a c a n t h  i s  a com­
p le x ,  he te rogeneou s  s u b s t a n c e .  I t  i s  now e v i d e n t  t h a t  gum t r a g a ­
canth  samples  can d i f f e r  marked ly  in  t h e i r  p r o t e i n ,  methoxyl  and 
s u g a r  c o n t e n t s ,  v i s c o s i t y  and i n  the  r a t i o  o f  t h e i r  w a t e r - i n s o l u b l e  
to  w a t e r - s o l u b l e  components.  The d i f f e r i n g  v a l u e s  f o r  the  r a t i o  o f  
th e  w a t e r - i n s o l u b l e  t o  w a t e r - s o l u b l e  components  r e p o r te d  in  e a r l i e r  
s t u d i e s  f a l l  w i t h i n  the  range o f  v a l u e s  found here f o r  the  d i f f e r e n t  
samples  i n v e s t i g a t e d .  The samples  s t u d i e d  by o t h e r  w o rke r s  (21,  
24 -26 )  a l l  d i f f e r e d  and are now seen to  have r e p re se n te d  the d i f ­
f e r e n t  b o t a n i c a l  s p e c i e s  i n v o l v e d .  A l l  e a r l i e r  s t u d i e s  were d e f i ­
c i e n t  in  the r e s p e c t  t h a t  in adequa te ,  i f  any,  d e t a i l s  were p ro v id e d  
r e g a r d i n g  e i t h e r  the  b o t a n i c a l  o r  the  g e o g r a p h i c a l  s ou r ce  o f  the gum
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t r a g a c a n t h  sample s t u d i e d .  Fu r thermore  an e x p l a n a t i o n  i s  now a v a i l ­
a b le  f o r  the  d i v e r s i t y  o f  q u a l i t y  t h a t  i s  we l l - known  to  o c cu r  com­
m e r c i a l l y ,  between d i f f e r e n t  samples  o f  gum t r a g a c a n t h ,  p a r t i c u l a r l y  
between sample s  o f  I r a n i a n  and T u r k i s h  o r i g i n .  D i f f e r e n t  A s t r a g a l  us 
s p e c i e s  a re  i n v o l v e d  and each s p e c i e s  g i v e s  an exudate  o f  d i f f e r e n t  
c o m p o s i t i o n .
V I 1 . 4 ( 3 )  The Te s t  A r t i c l e  used i n a_ di e t a r y  s tu dy  o f  gum
t r a g a c a n t h  in  Man
As not more than ca.  10% o f  the w o r l d ' s  s u p p l y  of  
f o o d s t u f f s  g rade  gum t r a g a c a n t h  i s  e xpo r ted  from Turkey  an I r a n i a n  
sample o f  a ve rage  q u a l i t y  was rega rded  as be ing  the most r e p r e s e n t a ­
t i v e  sample o f  f o o d s t u f f s  q u a l i t y  gum f o r  the  pu rp o se s  o f  a d i e t a r y  
s tu dy  in  Man.
The Te s t  A r t i c l e  i n g e s t e d  by v o l u n t e e r s  was the I r a n i a n  gum 
t r a g a c a n t h  sample 4 (Tab le  V I I . 2 ) .  When the  a n a l y t i c a l  data  f o r  
sample 4 a re  compared w i th  t h o se  f o r  the  I r a n i a n  sample s  1-7 (Tab le  
V I I . 2) i t  i s  c l e a r l y  i n d i c a t e d  t h a t  gum t r a g a c a n t h  sample  4 has p r o ­
p e r t i e s  and c o m p o s i t i o n  t h a t  a re  i n t e rm e d i a t e  between a l l  the I r a n i ­
an samples  s t u d i e d .  Thus ,  i t  i s  r e a s o n a b le  to  c l a im  t h a t  the  Test  
A r t i c l e  s e l e c t e d  was a gum t r a g a c a n th  sample of  f a i r  a ve rage  q u a l i ­
t y .
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V I I . 4 ( 4 )  A n a l y s i s  o f  the  w a te r - i n s o l u b i e and w a te r - s o l u b l e
components  of  gum t r a g a c a n t h  samples  from I ran and Turkey
A n a l y t i c a l  da ta  f o r  the  w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  
components  o f  gum t r a g a c a n t h  samples  1, 3, 4 and 7 from I r a n  a re  d e ­
t a i l e d  in  Tab le  V I I . 5; f o r  samples  5 and 6 from I r a n  and samples  8 
and 9 from Turkey  in  Tab le  V I I . 6 and f o r  sample s  I D ,  11,  12, ' T r a ­
g a n t ó n 1 and from A s t r a g a l u s  k u r d i c u s  from Turkey  in  Tab le  V I I . 7.
The w a t e r - i n s o l u b l e  components  were found to  have lower ash 
c o n t e n t s ;  h i g h e r  p r o t e i n  c o n te n t s  and lower  methoxyl  c o n te n t s  ( a p a r t  
from sample 1) than  the  w a t e r - s o l u b l e  components.
I t  was re p o r te d  by S e l b y  (24)  t h a t  the methoxyl  g roup s  in  gum 
t r a g a c a n t h  were m a in l y  a s s o c i a t e d  w i th  the  w a t e r - s o l u b l e  component.  
F e l l e n b e r y  (25 )  s t a t e d  t h a t  t h e r e  was no methoxy l  con ten t  a s s o c i a t e d  
w i th  the  w a t e r - s o l u b l e  component whereas Janno t  and Gonnard (26)  
c la im ed  t h a t  both components  c o n ta in e d  methoxyl  g r o u p s .  T h i s  s tudy  
has con f i rm ed  t h a t  methoxyl  g roup s  are a s s o c i a t e d  w i th  both the  
w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components.
The i n t r i n s i c  v i s c o s i t i e s  o f  the w a t e r - s o l u b l e  components  
v a r i e d  in  r e l a t i o n  to  the B r o o k f i e l d  v i s c o s i t i e s  o f  the whole yum 
sam p le s .  Gum t r a g a c a n t h  samples  o f  h i gh  B r o o k f i e l d  v i s c o s i t y  gave 
w a t e r - s o l ub le  components  o f  h i gh  i n t r i n s i c  v i s c o s i t y .  A t tempts  were 
made to  s o l u b i l i s e  the  w a t e r - i n s o l u b l e  component o f  gum t r a y a c a n t h  
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a l k a l i n e  s o l v e n t s ;  u rea ;  g u a n id i n e  h y d r o c h l o r i d e ;  d imethy l  s u l f o x i d e  
and N-methyl  m o rph o l i ne  N -o x id e  (m onohydra te ) ,  but they  were u n s u c ­
c e s s f u l  .
Un a c i d  h y d r o l y s i s ,  both components  y i e l d e d  jj - g a l a c t u r o n i c  
a c i d ,  _D - g a l a c t o s e ,  _L - a r a b i n o s e ,  JJ - x y l o s e ,  L_ - f u c o s e ,  _L -rhamnose  
and t r a c e s  (<1%) o f  _D - g l u c u r o n i c  a c i d  and _D - g l u c o s e .  There were 
no major d i f f e r e n c e s  i n  the  s u g a r  c o n te n t s  o f  the  w a t e r - i n s o l u b l e  
and w a t e r - s o l u b l e  components  o f  I r a n i a n  sample s  1, 3, 4 and 7.
Amino a c i d  p r o f i l e s  f o r  the  w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  
components  o f  gum t r a g a c a n t h  samples 4, 5, 6 and 7 from I r a n  a re  
shown i n  F i g u r e s  V I I . 3 t o  V I I . 6. The most prom inent  amino a c i d s  in  
a l l  the  components  were h y d r o x y p r o l i n e ,  s e r i n e ,  v a l i n e  and p r o l i n e ,  
to  which  can be added h i s t i d i n e  ( i n  both components  o f  sample 4 and 
the w a t e r - i n s o l u b l e  components  o f  samples  5, 6 and 7) and a s p a r t i c  
a c id  ( i n  the  w a t e r - s o l u b l e  components  o f  sample s  5, 6 and 7 ) .  The 
water i n s o l u b l e  components  were found to  have c o n s i s t e n t l y  g r e a t e r  
p r o p o r t i o n s  o f  h i s t i d i n e ,  h y d r o x y p r o l i n e  and t y r o s i n e  than  the  
w a t e r - s o l u b l e  components.  A s p a r t i c  a c id  was a lway s  p re se n t  in  
g r e a t e r  p r o p o r t i o n s  in  the  w a t e r - s o l u b l e  components  than  the w a te r -  
i n s o l u b l e  components.
The amino a c i d  p r o f i l e s  f o r  the  T u r k i s h  gum t r a g a c a n t h  samples  
8, 11 and the  sample from A s t r a g a l u s  k u r d i c u s  a re  d e t a i l e d  in  F i g ­
u re s  V I I . 7, V I I . 9 and V I I . 11.
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H y d r o x y p r o l i n e , s e r i n e  and v a l i n e  were p r e s e n t  in  h i g h  p r o p o r ­
t i o n s  i n  a l l  the  components  o f  t h e s e  t h r e e  sam p le s ,  t o g e t h e r  w i th  
p r o l i n e  and h i s t i d i n e  in  both components  o f  sample d; p r o l i n e  and 
h i s t i d i n e  i n  the  w a t e r - i n s o l u b l e  component o f  sample 9; p r o l i n e ,  
h i s t i d i n e  and a s p a r t i c  a c id  i n  the  w a t e r - s o l u b l e  component o f  sample 
9 and h i s t i d i n e  and a s p a r t i c  a c i d  i n  both components  o f  the  sample 
from A s t r a g a l  us  k u r d i c u s .
In  compar ison  w i th  the  w a t e r - s o l u b l e  components ,  the w a te r -  
i n s o l u b l e  components  had i n c r e a s e d  c o n t e n t s  o f  h y d r o x y p r o l i n e ,  
l y s i n e  and p h e n y l a l a n i n e  in  sample 8; i n c r e a s e d  h y d o x y p r o l i n e , 
i s o l e u c i n e ,  l e u c i n e ,  l y s i n e ,  p h e n y l a l a n i n e ,  s e r i n e ,  t h r e o n i n e ,  t y r o ­
s i n e  and v a l i n e  in  sample 11 and a r g i n i n e ,  i s o l e u c i n e ,  l e u c i n e ,  
l y s i n e ,  p h e n y l a l a n i n e ,  t h r e o n i n e  and t y r o s i n e  in  the  sample from A s -  
t r a g a l u s  k u r d i c u s . There are t h e r e f o r e  some s l i g h t  d i f f e r e n c e s ,  but 
a l s o  s t r o n g  s i m i l a r i t i e s  between the  amino a c i d  c o n t e n t s  o f  the  two 
components.
I t  has been e s t a b l i s h e d  th a t  the  c a r b o h y d r a t e  and p r o t e i n  c o n ­
t e n t s  o f  the w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components  o f  the  
samples  s t u d i e d  were ve r y  s i m i l a r .  I t  was re p o r te d  (2D, 45) t h a t
f r a c t i o n a t i o n  o f  both components  o f  gum t r a g a c a n t h  gave r i s e  t o  sam­
p l e s  w i th  s i m i l a r  s u g a r  c o n t e n t s .  T h i s  i s  s upp o r ted  by the r e s u l t s  
o b t a in e d  he re .
The f a c t  t h a t  one component o f  gum t r a g a c a n t h  i s  w a te r -  
i n s o l u b l e  and the  o th e r  component i s  w a t e r - s o l u b l e  i s  not e x p l a i n e d
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by an s u b s t a n t i a l  d i f f e r e n c e s  in  c o m p o s i t i o n  and s t r u c t u r a l  d i f f e r ­
ences  between then appear  t o  be i n v o l v e d .
I n s o l u b l e  and s o l u b l e  h y d r o x y p r o l i n e - c o n t a i n i n g  g l y c o p r o t e i n s  
e x i s t  as  im po r tan t  s t r u c t u r a l  c o n s t i t u e n t s  o f  the  p l a n t  c e l l  w a l l .  
They have u n f o r t u n a t e l y ,  not been i n v e s t i g a t e d  e x t e n s i v e l y  to  d e t e r ­
mine t h e i r  s t r u c t u r a l  s i m i l a r i t i e s  o r  d i f f e r e n c e s  ( 5 0 ) .
V I I . 5 CONCLUSIONS
1. Seven commercial I r a n i a n  gum t r a g a c a n t h  sample s  were found
to  v a r y  in  t h e i r  a sh ,  p r o t e i n ,  methoxyl  and s u g a r  c o n t e n t s ,  
v i s c o s i t y  and i n  the  r a t i o  o f  t h e i r  w a t e r - i n s o l u b l e  and 
w a t e r - s o l u b l e  components .  T h e i r  amino a c id  c o n te n t s  d i d  
not d i f f e r  e x t e n s i v e l y .
2. F i v e  commercial T u r k i s h  gum t r a g a c a n t h  samples  showed
l e s s  v a r i a t i o n  than the  I r a n i a n  samples  and were o f  g e n e r a l l y  
lower  v i s c o s i t y .  T h e i r  amino a c i d  c o n te n t s  were s i m i l a r  
t o  t h o se  o f  the  I r a n i a n  samples .
3. Gum t r a g a c a n t h  samples  from A s t r a g a l u s  k u r d i c u s  and 
A s t r a g a l u s  gummif e r  and a sample o f  ‘ T r a g a n t ó n 1 from
Turkey  were shown to  be s i m i l a r  in  c o m p o s i t i o n  and p r o p e r t i e s .
4.  A gum t r a g a c a n t h  sample from A s t r a g a l u s  m i c r o c e p h a l u s  from
Turkey  was shown t o  d i f f e r  a n a l y t i c a l l y  from ‘T r a g a n t ó n 1 
and the T u r k i s h  samples  from A s t r a g a l u s  k u r d i c u s  and
A s t r a g a l u s  gummifer.
The Te s t  A r t i c l e  used i n  a d i e t a r y  s t u d y  o f  gum t r a g a c a n t h  
in  Man (47)  was shown to  have been wel l  chosen  in  o rd e r  
to  r e p r e s e n t  a sample o f  f a i r  a ve rage  q u a l i t y .
The w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  components  o f  the  
gum t r a g a c a n t h  samples  s t u d i e d  were found to  have s i m i l a r  
s u g a r  and amino a c i d  c o m p o s i t i o n s ,  a l t h o u g h  the  wa te r -  
i n s o l u b l e  components  had lower  ash and methoxyl  c o n te n t s  
and h i g h e r  p r o t e i n  c o n t e n t s ,  than  the  w a t e r - s o l u b l e  
components .  An e x p l a n a t i o n  has been found f o r  the 
v a r i a t i o n  i n  the  r a t i o  o f  w a t e r - i n s o l u b l e  and w a t e r - s o l u b l e  
components  r epo r te d  by e a r l i e r  w o rk e r s .
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FIGURE V I  1.1 : Key to amino a c i d s
A la A1an i  ne
Arg A r g i n i n e
Asp A s p a r t i c  a c id
Cys C y s t i n e
Glu G lu tam ic  a c id
Gly G l y c i  ne
H is H i s t i d i n e
Hyp H y d r o x y p r o l i n e
l i e I s o l e u c i n e
Leu Leuc ine
Lys L y s i n e
Met M e th io n in e
Phe P h e n y l a l a n i n e
Pro P r o l i n e
S e r S e r i  ne
Thr Threon i  ne
Ty r T y r o s i  ne
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SUMMARY
The gum exuded by a cultivar o f  Leucaena leucocephala  growing in South India 
has been analysed. Its analytical parameters indicate that it is similar to  gum 
arabic. The physico-chem ical properties o f aqueous solutions (good solubility , 
viscosity and colour) suggest that Leucaena gum w ould have useful commercial 
applications; its stability in acidic solutions is better than that o f  gum arabic.
INTRODUCTION
In recen t years th ere  has been  w idespread in terest in various aspects 
o f  th e  cu ltivation  o f  Leucaena leucocephala (L am .) de Wit because 
o f its m any  attractive  ecological p roperties. I t is a valuable source 
o f p ro te inaceous fo d d er fo r anim als and edible beans fo r hum ans; 
grows very rapidly  yielding good quality  tim ber, w ood-pulp  or fire­
w ood; stabilises soils; and fixes n itrogen  sym bio tically  (B lom , 1981). 
O f all trop ical legum es, leucaena is considered to  o ffer the  w idest 
asso rtm en t o f uses (U.S. N ational A cadem y o f Sciences, 1977). 
These have been described fully in o th e r excellen t publications (U.S. 
N ational A cadem y o f  Sciences, 1979 and 1980).
Leucaena leucocephala show s great genetic d iversity . A t least 100 
d iffe ren t varieties are know n, based on th ree  m ain types ascribed to  
Hawaii, Salvador and Peru. This diversity  offers the  p lan t breeder 
o p p o rtu n itie s  fo r elim inating som e undesirab le a ttrib u te s  (e.g. high 
m im osine c o n te n t, tox ic  to  rum in an ts, in the  leaves o f  som e varieties) 
and fo r exp lo iting  o thers  (e.g. possible gum p ro d u c tio n ).
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C orrespondence on gum  chem istry  w ith  Mr R.M . Eggenberger o f 
M atrim andir Peace G ardens, p a rt o f  an im pressive land  reclam ation  
pro jec t being u n d ertak en  by an in te rn a tio n a l com m u n ity  o f  people 
at A uroville, near P ond icherry  in S o u th  Ind ia led him  to  send for 
ex am ina tion  a sam ple o f  the  gum ex u d a te  given by a cultivar o f  
L euca ena  leucocephala , grow n from  seed provided by D r J.L . Brew- 
baker, U niversity  o f  Hawaii. T he tree  involved, ab o u t 2.5 years old, 
p ro d u ced  gum copiously . I t  did n o t appear to  be diseased in any 
w ay; none o f  th e  o th e r cultivars o f leucaena at A uroville yielded 
gum.
A NALYTICAL METHODS
S tandard  analytical m ethods in gum chem istry  (A nderson  et ah, 
1972) were used. Som e o f  th e  analyses (d e te rm in a tio n  o f  m oistu re 
and ash co n ten ts ; viscosity m easurem ents; establishing co n d itio n s for 
com plete  and partia l hydro lyses; the  id en tifica tio n  o f neu tra l and 
acidic sugars a fte r hydrolysis) w ere done at George W atson’s College, 
the  rem ainder a t E dinburgh  University.
RESULTS
T he analytical data ob ta in ed  are given in T able 1.
Partial hydro lyses ( 0 .0 1M and 0.05M  sulphuric acid at 100°C  for 
16 h) gave considerable am oun ts o f  arab inose; fo r  com plete  h y d ro ly ­
sis, 1.2M sulphuric  acid at 100°C  for 16 h  was requ ired . T he gum  is, 
th e re fo re , ra th e r m ore stable in acidic so lu tio n  th an  gum  arabic. T he 
crude gum  was pale yellow  in co lour, free from  bark  and sand; it 
dissolved readily overnight in cold w ate r to  give alm ost colourless 
so lu tions free from  insoluble gel.
DISCUSSION
T he genus L eucaena  belongs to  th e  L egum inosae, sub-fam ily M imo- 
soideae, and there fo re  has a close re la tionsh ip  w ith  o th e r w ell-know n 
gum -bearing genera e.g. A cacia, Prosopis, A lb izia . I t was th ere fo re  o f 
in te rest to  find ou t if th e  exuda te  from  this cultivar o f  L eucaena  
leucocepha la  bore sim ilarities in com position  and p roperties  to  any 
o f the  gum exudates from  o th e r genera in M im osoideae studied  
previously. I t has been  recorded  (U.S. N ational A cadem y o f  Sciences,
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1977, p. 74, p. 87) th a t leucaena seeds con ta in  a w ater-soluble 
galac tom annan ; this will, p resum ably , have p roperties  o f  th e  ty p e  
given by aqueous ex tracts o f  th e  seeds from  o th e r industrially  
im p o rtan t legum es (guar gum , locust bean  gum ).
TABLE 1
Analytical Data for the Gum Exudate from a Cultivar o f Leucaena leucocephala  
(corresponding data (Anderson et al, 1966 , 1968 ) for gum arabic given in 
parentheses).
M oisture, % 17.7 (13 .1 )
Ash, %a 4.4 (3 .8 )
Nitrogen, 'J o 3 0 .37 (0 .3 7 )
Hence protein , % (N  x 6 .25)^ 2.3 (2 .3 )
Equivalent weight 767 (1 0 8 5 )
Hence uronic anhydride, %c 23 (16 )
M ethoxyl, Jo3 0 .92 (0 .2 5 )
Specific rotation  [a ] q , degrees'3’̂ - 2 8 ( - 3 0 )
b eIntrinsic viscosity [tj] , m l/g ’ 24.1 (13 .4 )
-  j, g
Molecular w eight, Mw ’ 1.7 x 106 (0.58 x 106 )
f
% Sugar com position  a fter h y d ro ly s is : -
Glucuronic acid 17.5 (1 6 .0 )
4-0-M ethylglucuronic acid® 5.5 (1 .5 )
Galactose 36 (40 )
Arabinose 22 (28 )
Rhamnose 19 (14 )
F ootn o tes
a corrected for moisture content; ^ corrected for m oisture and ash contents; 
c if  all acidity arises from  uronic acid groups; ^ C, 1.0% in water; 6 in 1,0M 
sodium  chloride;  ̂corrected for m oisture, ash and protein contents; ® if  all 
m ethoxyl con ten t present in this acid.
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T he behaviour o f  th is gum  in aqueous and acid so lu tion  is sim ilar 
to  th a t o f  gum arabic. T he neu tra l and acidic co n s titu en t sugars o f 
Leucaena leucocephala gum are identical to  those  found  in Acacia 
spp. gum exudates b u t d iffe r slightly from  th o se  found  in Prosopis 
spp. gum s (A nderson  and F arq u h ar, 1982) and Albizia  spp. gums 
(A nderson  and D ea, 1969). T he analytical param eters fo r  ca. 100 
d iffe ren t exudates o f  Acacia spp. are now  k n o w n  (A nderson , 1978); 
a lthough  these show  very w ide d ifferences analy tically  in th e  p ro p o r­
tions o f  galactose, arabinose, rham nose and g lucuronic acid always 
p resen t, th ey  can be system atised  fo r general purposes in to  several 
groups w hich follow  B en th am ’s (1 8 7 5 ) sub-divisions o f  th e  genus 
rem arkab ly  closely. T he gum  from  L. Leucocephala  has certain  
sim ilarities (negative specific ro ta tio n , low  n itrogen  co n ten t, w ith  a 
ra tio  o f  rham nose to  glucuronic acid close to  u n ity ) to  th e  gums 
from  Acacia spp. placed in B en th am ’s (1 8 7 5 ) G roup  V (Vulgares). 
T he com m ercial source o f  gum  arabic, A. Senegal Willd., is a m em ber 
o f  th a t group. W hen com pared  d irec tly  (T able 1) w ith  typ ical para­
m eters fo r A. Senegal gum , this specim en o f leucaena gum  is m ore 
viscous and m ore acidic, w ith  a h igher m olecu lar w eight and  higher 
m eth o x y l and rham nose co n ten ts . I t  has, th e re fo re , several featu res 
th a t w ould m ake it o f  com m ercial in terest. I f  a gum -yielding cultivar 
o f Leucaena leucocephala could be developed and used in  som e o f 
the  p lan ting  p ro jec ts desirable ecologically, particu larly  in arid zones, 
th e  scale necessary fo r such operations could  lead to  p ro d u c tio n  o f 
considerable q u an titie s  o f  Leucaena leucocephala gum  exudate .
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RÉSUMÉ
La gomme exsudée par un cultivar de Leucaena leucocephala croissant dans le sud des 
Indes a été analysée. Les résultats des analyses indiquent qu’elle est semblable à la 
gomme arabique. Les caractéristiques physico-chimiques des solutions aqueuses 
(bonne solubilité, viscosité et coleur) suggèrent que la gomme de leucaena aurait des 
applications commerciales utiles; sa stabilité dans des solutions acides est meilleur que 
celle de la gomm e arabique.
RESUMEN
La goma exhudada por una variedad de Leucaena leucocephala que crece en el sur de 
India fue analizada. Sus parámetros analíticos indican que es similar a la goma 
arábica. Las propiedades físico-químicas de soluciones acuosas (buena solubilidad, 
viscosidad y color) sugieren que la goma de leucaena podría tener aplicaciones 
comerciales de utilidad; su estabilidad en soluciones ácidas es mejor que la de la goma 
arábica.
The In tern a tion a l Tree C rops Journal, 2 (1 9 8 3 ) 2 4 5 -2 5 4  
©  1983 A B A cadem ic Publishers — Printed in Great Britain
T H E  C H E M IC A L  C H A R A C T E R IZ A T IO N  O F  T H E  T E S T  A R T IC L E  
U S E D  IN  T O X IC O L O G IC A L  S T U D IE S  O F  G U M  A R A B IC  
(ACAC IA SE N E G A L  (L .)  W IL L D ).
D.M.W. A N D ER SO N , M.M.E. BRIDGEM AN, J.G.K. FA R Q U H A R  A ND
C.G.A. McNAB
Chemistry D epartm ent, The University, Edinburgh EH9 3JJ, U.K.
SUMMARY
The sam ple o f  com m ercial gum arabic used as the “Test A rticle” in recent 
tox ico log ica l studies has been characterized chem ically . Comparative analytical 
data, presented for seven other com m ercial gum arabic sam ples, and for five 
specim ens o f  gum collected  from authenticated A cacia S e n e g a l  trees in several 
gum producing countries, indicate that the Test A rticle is a fair, average rep­
resentative sam ple o f  gum arabic originating from  A cacia  S e n e g a l  and conform ing  
in all respects to  established international standards o f  id en tity  and purity.
INTRODUCTION
G um  arab ic is a valuable tree  crop  in  arid zo n e  developing  co u n tries; 
it  was im p o rta n t fo r its tox ico logical s ta tu s  to  be estab lished  so th a t 
i t  can rem ain  an  im p o rtan t co m m o d ity  in in te rn a tio n a l trad e . T he 
co llec tion  o f  gum  arabic provides th e  m ajo r source o f  incom e (som e 
U.S. % 150) fo r m any  Sahelian no m ad s and re m o te  farm ers. W orld 
dem and  reached  ca. 7 0 ,0 0 0  to n s  in  th e  late  six ties, b u t th e  Sahelian 
d ro u g h ts  o f  th e  early seventies led to  supply  shortages, escalating 
prices, and m ark e t u n ce rta in ty . H ow ever, in th e  past 5 years, ade­
q u a te  supplies and stab ilisa tion  o f  Sudanese gum  ex p o rt p rices have 
led to  a gradual res to ra tio n  o f  m ark e t co n fid en ce  and  recovery  o f 
annual co n su m p tio n  to  ca. 4 0 ,0 0 0  to n s  (value ca. U .S. $ 60 m illion). 
A fte r  c o tto n  and oil seeds, ex p o rts  o f  gum  arabic p rovide th e  th ird  
largest source o f  overseas earnings fo r th e  S udan , w hich  p roduces 
a b o u t 85%  o f  th e  w o rld ’s supply . W ith th e  aid o f  in te rn a tio n a lly  
sponsored  re-affo resta tion  program m es, 1 m illion  Acacia Senegal 
trees are now  p lan ted  each year in selected  areas o f  th e  S udan  to  
stabilise soil erosion , ha lt desert en c ro ach m en t, and  enrich  soil
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th ro u g h  n itrogen  fixation . Acacia  trees p rov ide forage fo r grazing 
anim als, em p lo y m en t, a source o f  incom e fo r farm ers if  th e  farm  
gate price fo r gum  rem ains su ffic ien tly  a ttrac tiv e , and an eventual 
source o f  fuel-w ood w hen th e  trees becom e to o  o ld  to  y ield  gum  
adequate ly . G um  arabic p ro d u c tio n  is th e re fo re  im p o rta n t eco logic­
ally and econom ically ; th e  o th e r  Sahelian co u n trie s  and  E th io p ia  are 
also striving to  increase gum  arabic p ro d u c tio n .
W ithin th e  EEC , gum  arabic is a p e rm itted  fo o d stu ffs  additive 
(labelling code E 4 1 4 ) w hen it conform s to  th e  d e fin itio n  ‘a dried  
gum m y ex u d a te  from  stem s and b ranches o f  Acacia Senegal (L .) 
Willd. o r  o f  re la ted  species o f  Acacia' (E E C , 1978). T h e  Jo in t W HO/ 
FA O  E x p ert C om m ittee  on  F o o d  A dditives (JE C F A ) has, how ever, 
w orld-w ide legal pow ers; its la test spec ifications fo r id en tity  and 
p u rity  (F A O , 1982) define gum  arabic as ‘a d ried  ex u d a tio n  from  th e  
stem s and  b ranches o f  Acacia Senegal (L .) W illdenow  o r th e  re la ted  
species o f  Acacia  (F am . Legum inosae). I t  consists m ain ly  o f  high 
m olecu lar w eight po lysaccharides and th e ir  ca lc ium , m agnesium  and 
po tassium  salts, w hich on hydro lysis yield arab inose, galactose, 
rham nose and g lucuronic acid. T he artic le o f  com m erce m ay be 
fu r th e r  specified as to  v iscosity ’.
D a ta  m ade available to  regu lato ry  au th o ritie s  in  1981, from  
tox ico log ical stud ies in lab o ra to ry  anim als and  in  h um ans, allow ed 
JE C F A  in A pril 1982 to  establish th e  safe ty  o f  gum  arab ic as a 
fo o d stu ffs  additive, classifying it w ith in  th e  ca tegory  fo r w hich  th e  
A cceptable  Daily In tak e  (A D I) is deem ed to  be ‘n o t  sp ec ified ’. This 
p ap er p resen ts analytical d a ta  w hich charac te rize  co m p le te ly  th e  
sam ple o f  com m ercial gum  arabic ( th e  ‘T est A rtic le ’) used in th e  
follow ing tox ico logical stud ies su b m itted  to  JE C F A  and o th e r  
in te rn a tio n a l regu la to ry  bodies on  b eh a lf o f  com m ercial sponsors: a 
m etab o lic  s tu d y  (R oss et al., 1982) and  tw o  separate  sub-acute 
(90-day) to x ic ity  stud ies (A nderson  et al., 1982) in  lab o ra to ry  ra ts; 
a d ie ta ry  s tu d y  in  hum ans (R oss et al., 1982) and  a s tu d y  by e lec tron  
m icroscopy  to  establish  th e  absence o f  m ito ch o n d ria l and o th e r 
changes in ra t heart and liver fo llow ing ingestion  o f  gum  arabic 
(A nderson  e t al., 1983).
Previous analy tical studies o f  th e  ex u d a tes from  ca. 100 Acacia 
spp. have estab lished  th a t  each species y ields a u n iq u e  gum  o f  chara­
cteristic  chem ical com position  (A nderson , 1978). A lth o u g h  seasonal 
and  geographical varia tions are liable to  o ccu r in all com plex  n a tu ra l 
p ro d u c ts , it has been show n th a t th e  seasonal and geographical
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varia tions fo r A.Senegal gum  are relatively  insign ifican t and very 
m uch  sm aller th an  th e  d ifferences in chem ical co m p o sitio n  b etw een  
A. Senegal gum  and its closest b o tan ica l re latives, o f  w hich  th e re  are 
on ly  a few o f  any p ractical significance. T h ere  are gross d ifferences 
in  co m p o sitio n  betw een  A.Senegal gum  and  th e  gum s from  species 
(e.g. A.seyal)  in o th e r sub-divisions o f  th e  genus (A n d erso n , 1978).
In  o rd e r to  gain general in te rn a tio n a l clearance fo r a n a tu ra l 
p ro d u c t ex p o rted  from  so m any d iffe ren t coun tries, it  was seen to  
be  im p o rta n t to  establish  th a t th e  T est A rtic le  chosen  is a rep resen ­
ta tive , ty p ica l sam ple o f  com m ercial gum  arabic. T his has been  done 
by  estab lish ing  th e  close sim ilarity  o f  th e  T est A rtic le , in  te rm s o f  
its  ana ly tica l param eters  and physical p ro p e rtie s , to  th a t  o f  seven 
o th e r re p u ta b le  com m ercial sam ples from  th e  m ain  p ro d u c in g  
coun tries. M oreover, as it is o f  legal im p o rtan ce  to  estab lish  th a t 
th e  T est A rtic le  orig inated  essentially  from  Acacia Senegal trees, and 
n o t from  u n re la ted  Acacia  spp., analy tical d a ta  are also p resen ted  fo r 
five gum  specim ens, co llec ted  from  A .Senegal trees by acknow ledged  
bo tan ica l ex p e rts  in various gum  p ro d u c in g  coun tries.
EXPERIM ENTAL
Origin o f  gum  specim ens and sam ples
Specim en 1 rep resen ts  m any  gum  specim ens, co llec ted  by  th e  late 
Mr. M.P. V idal-H all, G um  R esearch O fficer to  th e  S udanese G overn ­
m en t, from  individual trees in fo rest reserves a t Q ala en N ahal 
(K assalla Province), Um m  R uaba and G oz el G anzara  (K o rd o fan  
Province) (A nderson  et al., 1968).
Specim ens 2, 3 and 4  were co llected  by  Dr. J. Vassal (U niversite 
Paul S abatier, T ou louse) from  A. Senegal trees grow ing respectively  
a t D ahra, F erlo , Senegal; N ioro  en Sahel, M ali; T im b u c to u , M auri­
tan ia .
Specim en 5  was co llected  in O m an by  Dr. R .M . L aw to n , F o res try  
A dviser to  th e  S u ltan a te  o f  O m an.
Samples 6—10  w ere com m ercial gum  arab ic sam ples o b ta in ed  respec­
tively from  C had, E th io p ia , N igeria, Senegal and  Sudan, e ith e r 
d irec tly  o r th ro u g h  E uropean  im porters .
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Samples 11 and 12, k ind ly  p rovided  by  M essrs. R ow ntree-M ac- 
k in to sh  p.I.e. (Y o rk , U .K .) w ere accu m u la ted , each  over 3 m o n th s , 
by  poo ling  th e  un u sed  p o rtio n s  o f  sam ples scru tin ised  w eekly  in th e  
q u a lity  co n tro l lab o ra to ry  p rio r to  release fo r  no rm al p ro d u c tio n  
purposes. T hese sam ples th u s  re flec t th e  co m p o sitio n  o f  th e  gum  
arabic, from  a range o f  provenances, used in  fo o d stu ffs  p ro d u c tio n  
by  th e  m ajo r E u ro p ean  consum er over a 6 -m o n th  period .
The Test A rticle  was ab strac ted  from  a n o rm al p ro d u c tio n  b a tch  o f  
gum  arabic b y  Messrs. R ow ntree-M ackin tosh  p .l.c . A fte r  d isso lu tion  
o f  th e  n a tu ra l gum , th e  resu lting  liq u o r was freed  from  sand, tree  
b ark  etc. by  sieving and cen trifu g a tio n  processes; th e  gum  was 
recovered  by  freeze-dry ing  so th a t  an ana ly tica lly  ho m o g en eo u s bulk  
sam ple, su ffic ien t fo r several large-scale tox ico log ical tests , was 
secured.
Analytica l m ethods
T he standard  ana ly tica l m eth o d s fo r gum  ex u d a tes  have been  des­
cribed (A nderson  e t al., 1966, 1972).
RESULTS
T h e analy tical d a ta  o b ta in ed , and th e  derived m ean values are show n 
in T able 1.
DISCUSSION
T he analy tical values fo r specim en 1 are them selves averages derived 
from  th e  resu lts fo r m any  individual S udanese specim ens. T he 
analyses fo r specim ens 2 —5 and sam ples 6 —12 w ere carried  o u t as 
rep lica tes a f te r  grinding  th e  crude gum  finely  to  try  to  ensure h o m o ­
geneity , w hich is d ifficu lt to  achieve fo r sam ples com prising  m an y  
individual gum  nodules. T h e  sam pling p rob lem  was p articu la rly  acu te  
fo r th e  large sam ples 11 and 12, each rep resen ta tiv e  o f  several 
th o u san d s o f  to n s  o f  gum  from  m any  provenances. A fte r  th o ro u g h  
m echanical m ixing, over 2 days, 4 sub-sam ples (sam ple 11) and  7 
sub-sam ples (sam ple 12) w ere o b ta in ed  by  recognised p rocedures. 
As these sub-sam ples nevertheless show ed slight b u t real ana ly tica l 
varia tions, th e  d a ta  q u o ted  fo r sam ples 11 and  12 are m ean  values 






















































































































T his p re lim inary  hetero g en eity  and sam pling d ifficu lty  led to  th e  
decision th a t, fo r in ten d ed  use in several d is tin c t tox ico log ical tests, 
th e  eventual T est A rticle  m ust be  analy tica lly  h o m ogeneous; it 
th e re fo re  had  to  be  recovered from  so lu tio n . T his also had  th e  m erit 
o f  satisfy ing th e  req u irem en t (F A O , 1982) th a t  ‘th e  c ru d e  gum  m ust 
be cleaned befo re  use in fo o d s’ (i.e. freed  from  co n tam in a tin g  bark  
and sand).
T he m ost m arked  flu c tu a tio n s in th e  analy tica l pa ram ete rs  involve 
th e  n itrogen  co n ten ts  o f  specim en 5 and sam ple 6 and th e  specific 
ro ta tio n s  o f  specim ens 4  and 5.
T h e  rham nose co n ten ts  o f  sam ples 7 and 8, a lth o u g h  low er th an  
average, are n o t abnorm al (A nderson  and  Dea, 1968).
O verall, th e re fo re , fo r a com plex n a tu ra l p ro d u c t from  a w ide 
array  o f  geographical locations, th e  range o f  value estab lished  fo r 
each analytical p a ram eter m ust be regarded as surprisingly  small. 
A lthough  w ider varia tions m ay o ccu r in single a u th en tic  nodu les, 
Acacia Senegal gum  has a u n ique set o f  ana ly tica l pa ram eters  by 
w hich it can be  d istinguished  from  th e  ex u d a tes  from  o th e r  Acacia  
spp. and  from  o th e r  genera. Even th e  gum s ex u d ed  by th e  closest 
b o tan ica l relatives o f  A.Senegal have m arked ly  d iffe ren t chem ical 
com positions, viz. A.laeta  (A nderson  and  S m ith , 1967), A .m ellifera  
(A nderson  and F a rq u h a r, 1979) and A.polyacantha  syn. campylacan- 
tha (A nderson  and M unro , 1970). In  th e  o p in io n  o f  in te rn a tio n a l 
au th o ritie s  o n  th e  tax o n o m y  o f  Acacia  spp ., on ly  A.asak, in ad d itio n  
to  th e  th ree  species nam ed above, can be  regarded  as a close relative 
o f  A.Senegal (E lam in, 1983; W ickens, 1983). A na ly tica l d a ta  fo r th e  
gum  from  A.asak  are n o t available.
B otan ically , th e re  are m any  recognisable varian ts o f  Acacia Senegal 
w hich , as a resu lt o f  co n stan t re-shuffling o f  genes, is best regarded 
as a b road  b o tan ica l com plex (B renan , 1968; A n d erso n  e t al., 1968). 
This is th e  fac to r involved in longstand ing  Sudanese tree-im provem ent 
program m es: som e A .Senegal trees yield good  q u a lity  gum  cop iously ; 
som e do n o t. G um  specim en 5 was co llec ted  in O m an from  trees 
recognised by Dr. L aw to n  as belonging to  a local varian t o f  A. Senegal 
having som e slightly  atyp ical m orpho log ical featu res. A s tu d y  o f  th is 
varian t, in  term s o f  th e  sub-species o f  A .Senegal described  to  d a te , 
is in progress at T he H erbarium , R o y al B o tan ic  G ardens, Kew. T he 
specific ro ta tio n  and  n itrogen  c o n ten t o f  th is  sam ple fall o u ts id e  th e  
norm al range o f  values, bu t all its o th e r  ana ly tica l values are so 
typ ical th a t  th ere  is no  d ifficu lty  in accep ting  th is  gum  as being
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derived from  A.Senegal o r, at w orst, from  a very  closely  re la ted  
sub-species.
In  e ffec t, ap art from  th e  gum  from  A.Senegal ( tru e  gum  arab ic), 
o n ly  tw o  Acacia  gum s are m ark e ted  in com m ercia l q u an titie s . 
A .seya l D el., th e  source o f  ‘gum  ta lh a ’, has long been  recognised  as 
giving an in ferio r gum  w hich has alw ays been  sold as a separate  
Sudanese co m m o d ity . T h e  gum  from  A .drepanolobium  H arm s ex 
S jo sted t, dark  in co lo u r and partia lly  inso lub le , c o n tr ib u te s  to  som e 
E ast A frican  gum  parcels. In  all pub lished  b o tan ica l classifications 
and  revisions o f  th e  genus Acacia, A .seya l and  A .drepanolobium  are 
assigned to  a d iffe ren t sub-division from  A.Senegal and  th u s  can n o t 
be regarded  as re la ted  species. T h e  ana ly tica l p a ram eters  o f  A .seyal 
gum  (A n d erso n  et al., 1969) and  o f  A .drepanolobium  gum  (A n d e r­
son and D ea, 1967) d iffe r greatly  from  th o se  o f  A.Senegal gum  and 
are readily  d istinguishable on  ac co u n t o f  th e ir  h ighly  positive o p tica l 
ro ta tio n s . Sam ples o f  gum  arabic w ith  specific ro ta tio n s  m ore posi­
tive th an  —2 5 °  o r —2 6 °  m ust alw ays be suspected  to  co n ta in  A se y a l  
Adrepanolobium , o r o th e r  u n re la ted  gum s in  ad m ix tu re  w ith  Asenegal 
G ood com m ercial sam ples ten d  to  show  m ean values.
In  ad d itio n  to  th e  analy tical data  in T ab le  1, th e  T est A rticle  
con fo rm ed  in all respects to  all o th e r  te s ts  o f  p u rity  and id e n tity  
specified b y  JE C F A  (FA O , 1982) and  to  all th e  o th e r  lim its (e.g. 
su lphated  ash, freedom  from  foreign and in so lub le  m a tte r , freedom  
from  starch , tann ins, heavy m etals e tc ., e tc .) laid dow n  in th e  F o o d  
C hem ical C odex , B.P., E .P ., and U.S. P h arm aco p o eias etc.
CONCLUSIONS
T he da ta  in T able 1 show  th a t th e  T est A rtic le  used in recen t tox i- 
cological stud ies o f  gum  arabic has ana ly tica l p a ram ete rs  th a t  co rres­
p o n d  closely w ith those  fo r au th en tica te d  specim ens o f  Acacia 
Senegal gum  and w ith  those  fo r  rep u tab le  com m ercia l sam ples o f  gum  
arabic from  the  m ain p roducing  coun tries. I t  satisfies all cu rren t 
legal requ irem en ts and specifications fo r id e n tity  and  p u rity .
S pecifications established by JE C F A  are in ten d ed  to  id en tify  th e  
substance th a t has been  subjected  to  biological testing , m ain ly  for 
th e  use o f  tox ico log ists and o th ers  concerned  w ith  s tan d ard s o f  
id en tity  and p u rity  (F A O , 1982). S hou ld  an ana ly tica l spec ifica tion  
m ore  detailed  th an  any published  previously  be desired fo r arb i­
tra tio n  pu rposes in trad e  o r legal d ispu tes, th e  average values fo r all
2 5 2
th e  sam ples and  specim ens show n in T able 1 o ffe r th e  m o st com ­
prehensive and rep resen ta tiv e  da ta  available. T he ranges o f  values 
fo r each analy tica l p a ram ete r in T ab le  1 re flec t th e  ex p ec ted  seasonal 
and geographical varia tions and  rep resen t th e  m in im um  lim its fo r th e  
e x te n t o f  th e  varia tions th a t  rep u tab le  sam ples o f  a n a tu ra l p ro d u c t 
o f  such com plex  s tru c tu re  m ust be ex p ected  to  show . T he s tru c tu ra l 
d a ta  available have been  re -in te rp re ted  recen tly  (S tree t and A nderson , 
1983) in favour o f  a m ore o rdered  s tru c tu re  th a n  p o s tu la ted  p re­
viously. In  co n n ec tio n  w ith  stud ies o f  th e  im m u n o g en ic ity  o f  gum  
arabic, th e  am ino  acid com positions o f  various sam ples are being 
investigated  and stud ies m ade, w ith  th e  help  o f  new  su p p o rts  fo r 
high m olecu lar-w eigh t gel filtra tio n , o f  th e  h ighly  p ro te in aceo u s  
frac tio n s o f  high viscosity  th a t  can be iso la ted  (A n d erso n  and  S tod- 
d art, 1966).
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RÉSUMÉ
L’échantillon de la gomme arabique commerciale em ployé comm e “L’article d’essai” 
pour récentes etudes toxicologiques a été caractérisé de manière chimique. Les données 
comparatives analytiques, présentées pour sept autres échantillons commerciales de la 
gomme arabique, et pour cinq spécimens de la gom m e receuillis d’arbres authentiques 
à'Acacia senegal dans plusieurs pays producteurs, indiquent que l’article d’essai est un 
équitable, représentatif échantillon, établissant la moyenne de la gom m e arabique 
d’origine Acacia senegal et conformant en tous rapports aux critères d’identité et de 
purité établis internationellement.
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Abstract— An analytical study o f  the gum exudates from the African species Acacia ehrenbergiana (three specimens), A. 
xanthophloea (two specimens), A. hockii and A. sieberana var. villosa, and o f  the Australian species A. calcigera, has been 
made. There are now 19 species within the series Gummiferae Benth. for which gum parameters are available; o f  these, 
only A. ehrenbergiana gum displays a slightly negative optical rotation. The data for the three gum specimens from A. 
ehrenbergiana give a further example o f  the extent to which the gum from different trees o f  one particular species can 
* vary in composition. The data for A. sieberana var. villosa gum are compared with the values established previously for
subsp. sieberana; the differences between varieties o f  one species are similar in extent to those established for som e 
subspecies. Although A. xanthophloea, A. hockii, A. ehrenbergiana, A. seyal and A. karroo are regarded as being very 
f closely related botanically, the values for some o f  their analytical parameters differ considerably and strongly support
the view that it is correct to retain them as distinct species.
IN T R O D U C T IO N
The analytical data obtained for the gums from Acacia 
calcigera, A. sieberana var. villosa, A. xanthophloea (two 
specimens), A. hockii and A. ehrenbergina (three speci­
mens) are shown in Table 1 and compared with the data 
obtained previously for the gums from A. sieberana var. 
sieberana [1], A. seyal [2 -4 ]  and A. karroo [5].
RESU LTS A N D  D ISC U SSIO N
The new data recorded here increase the number o f 
species in Gummiferae Benth. for which analytical data 
for gum exudates are available [4 ] to 19. O f these, all 
except A. ehrenbergiana give gums having strongly posi­
tive optical rotations, ranging from +  28° for A. hebeclada
[6] to + 108° for A. nilotica [7]. The data for gum 
specimens A, B and C from A. ehrenbergiana give further 
examples o f  the extent o f  the variations found in the gum 
nodules exuded by different trees o f  a particular species, 
e.g. A. Senegal (gum arabic) [8 ], A. karroo [5], A. nilotica
[7 ], A. dealbata  [1 ], A. laeta [9 ], etc.
N one o f  the gum samples studied in this work have high 
nitrogen contents. The highest nitrogen content recorded 
so far (9.4%) for an Acacia  gum is for a Gummiferae 
species, A. hebeclada [6]; several species within the sub­
series Juliflorae are now known [10] to have nitrogen 
contents o f  greater than 7.5 %.
It is unusual for species within the Gummiferae to occur 
in Australia. The gum from A. calcigera, a species 
discovered recently by Dr. Mary Tindale, has been shown 
(Table 1) to be a typical member o f  the Gummiferae; it is 
similar to the gums from A. drepanolobium, A. nilotica and 
A. nubica [4 ] in containing less than 1 % o f rhamnose, a 
feature also shown by som e members o f  the Juliflorae 
[10].
•P a rt 63 of the series “Studies o f Uronic Acid Materials”.
The data for the gum from A. sieberana var. villosa are 
shown in Table 1 together with the data reported pre­
viously for A. sieberana var. sieberana [1], Many o f  their 
gum parameters are closely similar, e.g. the optical 
rotations, intrinsic viscosities, molecular weights, and the 
nitrogen, methoxyl and rhamnose contents, but there are 
differences in their uronic acid contents and the ratios o f  
galactose to arabinose. The differences between these two 
varieties o f  A. sieberana are comparable with those 
recorded recently for som e subspecies, e.g. for A. dealbata 
[1] and its subspecies subalpina [11], A. mellifera and its 
subspecies detinens [6 ], and for three o f the subspecies o f  
A. tortilis [12 ,13 ]. Although the analytical differences 
between varieties and between subspecies are not large, 
they are nevertheless adequate for analytical differen­
tiation for chem otaxonom ic purposes.
Acacia xanthophloea, found from Kenya southwards to 
Swaziland and Zululand, is unique [14] in having either 
deep yellow or white/purple flowers and these two forms 
are, in general, clearly differentiated geographically [15]. 
On this basis, specimens A and B almost surely had 
white/purple and yellow flowers, respectively (we are 
grateful to one o f  the referees for this suggestion). The 
yellow-flowered specimens have been stated [14] to 
resemble A. seyal and the white/purple flowered speci­
mens to resemble A. kirkii. Comparison o f  the gum data 
for A. xanthophloea specimens A and B and A. seyal 
(Table 1) with that for A. kirkii [6] now indicate that 
although A. xanthophloea specimens A and B are closely 
similar, there does not appear to be any close similarity 
between the gums from A. seyal and yellow-flowered A. 
xanthophloea nor between the gums from A. kirkii and 
white/purple flowered A. xanthophloea. In contrast, the 
gum from A. seyal is clearly very similar to that from A. 
kirkii.
Acacia hockii is exceedingly variable and has long been 
confused with A. seyal [14]. Although the two are 
undoubtedly closely related, Ross [14] believes it to be
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Acacia gum exudates from the Gummiferae 577
preferable to maintain them as separate species; A. hockii 
differs mainly in not having a powdery bark. As A. seyal is 
also closely related to A. karroo [14] and as the absence o f  
a powdery bark suggests [14] that A. ehrenbergiana is 
more closely related to A. hockii than to A. seyal, 
comparisons are made o f  the gum parameters from all o f  
these species in Table 1. The analytical data differ quite 
extensively, supporting the view [14] that they should all 
be maintained as separate species. To strengthen these 
deductions, analytical data for further specimens o f  the 
gums from these closely related, variable, species are 
desirable. Similar evidence from other series in Acacia, e.g. 
Juliflorae [10] and Botryocephalae [11] indicate that the 
analytical differences between closely related species can 
be extensive and o f  potential chemotaxonomic use, as 
suggested in 1969 [16].
In the past, gums from the series Gummiferae Benth. 
(e.g. A. seyal) have been o f  minor commercial interest in 
comparison with those from the series Vulgares Benth.; A. 
seya l gum has long been offered for sale commercially as a 
commodity distinct from true gum arabic (derived from 
A. Senegal, series Vulgares). Acacia seya l gum (Talha) 
behaves differently in confectionery manufacture and in 
other technological applications and is regarded as being 
o f inferior quality. As toxicological clearance for use in 
foodstuffs has been accorded by international regulatory 
committees to gum arabic when defined as “the gummy 
exudate from A. Senegal Willd. and the related Acacia 
species” [1 7 ,1 8 ], gums from Acacias within the series 
Gummiferae Benth. are excluded and therefore now  
largely o f  academic interest only. An implication o f  the 
definition adopted is that ‘gum arabic’, a special term for 
gum from specified Acacias, is no longer synonymous 
with the general term ‘gum acacia’.
E X PER IM EN TA L
Origin o f gum specimens. Gum  from A. ehrenbergiana Hayne; 
specimens A, B and C were collected by Dr. J. Vassal, University 
o f Toulouse, France, near the airport at N ioro du Sahel, Mali, on 
16/2/1977. Acacia xanthophloea Benth.: gum specimen A was 
collected in Kenya in August 1976 by Dr. J. O. Kokwaro, Botany 
Departm ent, University o f Nairobi; specimen B, sent by 
Professor K. D. G ordon-G ray on 19/1/1976, was obtained from a 
tree cultivated in Pieterm aritzburg from seed collected from a 
tree growing indigenously in Zululand. Gums from A. hockii De 
Wild, and from A. sieberana DC. var. villosa A. Chev. were 
collected in April 1975 in N orthern Ghana by Dr. M. Jefferies, 
University o f Salford. The identifications o f voucher specimens 
were confirmed by Dr. R. M. Polhill, Royal Botanic Gardens, 
Kew. Gum  from A. sieberana DC. var. sieberana was collected by 
Mr. A. G. Seif-el-Din, Gum  Research Officer to the Republic of 
the Sudan, at El Obeid in June 1969. Gum  from A. calcigera
Tindale MS (NSW 108559) was collected by Dr. Mary Tindale 
(M. Tindale 6075) on 9/7/79, 28.8 km South o f M aranboy tu rn­
off on Stuart highway, N orthern Territory, Australia.
Preparation o f samples fo r analysis. All the gum specimens 
dissolved in cold water to give clear solns, which were filtered 
(muslin, then paper), dialysed for 2 days vs tap water, and freeze- 
dried.
Analytical methods. The analytical methods used have been 
described [19],
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